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HYPERTENSION IN PREGNANCY 


RELATION OF THE CALCIUM CONTENT OF THE BLOOD 
rO THE ETIOLOGY * 


EDWARD J. STIEGLITZ, M.D 
CHICAGO 


\ thorough analysis of the theories of the etiology of hypertensior 

not be undertaken in this article. In all probability the etiology 
vascular disease varies in different cases and is the result of a combi 
on of insults to the circulatory apparatus.’ With the field limited to 

hypertensions occurring in pregnancy, still another set of theories 

heen evolved,’ the gist of which is the view that hypertension in 
egnancy is a manifestation of the reaction to an intoxication. The 
ict nature and source of the toxemia is still unknown. 

lange * and others,” and more recently Strouse and Daly.” have 
mphasized the importance of thyroid intoxications in pregnancy. That 

e parathyroid glands should be similarly upset is not unlikely. It 
well known that in parathyroprivia an increased muscular tone is 
vident.’ Associated with this phenomenon is a lowered concentration 
‘4 calcium in the blood, first pointed out by Salvesen,* and since con- 
rmed by numerous investigators.® Collip and his co-workers '° have 
From the medical clinic of the Chicago Lying-In Hospital and Dispensary, 
aided by a grant from the Mothers’ Aid Society. 
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demonstrated an active parathyroid hormone capable of elevating the 
blood calcium content.’ This hormone is so potent that its use should 
be attended with great caution, as an excess may give rise to a dangerous 


hypercalcemia.** Engelbach ** believed in a physiologic relationship 


between hypocalcemia, parathyroid deficiency and hypertension. Kylin ' 
and his co-workers *® and Reid *® have presented evidence that there is 
a distinct relationship between a hypocalcemia and an elevation of the 
blood pressure. Kylin also observed a hypercalcemia in diabetes with 
hypotension.’7 Schmitz, Rohdenburg and Myers** and Anderson 
demonstrated a low calcium concentration in chronic nephritis with 
hypertension. 

Furthermore, during pregnancy there is an active calcium anabolism 
in the fetus with a corresponding drain on the maternal blood and tissue 
calcium.*° Previous reports on the status of calcium of the blood in 
pregnancy have been somewhat conflicting. Handelman, Rose and 
Sherwin *! found the concentration normal but lowered after parturitio: 
That this fall is not due to the hemorrhage attendant on the delivery 
is shown by the results of Swingle and Werner,?* who showed that 
bleeding caused a rise in the blood calcium with a transient disappearat 
of tetany in parathyroidectomized dogs. Feinberg and Lash ** in 
short series of eclamptic and control cases could demonstrate no relati: 
ship between the blood calcium content and the convulsions. 
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(Feb.) 1926. 
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Tetany, J. A. M. A. 85:1632 (Nov. 21) 1925. The Parathyroid Hormone 
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Hypocalcemia has been demonstrated in other states of smooth 


4 


scle spasticity, such as pertussis,** asphyxia *° and asthma.*® ‘There 
ome contradiction to this in pertussis.** Anderson and Graham ** 
rt that tetany in babies is not parallel to a hypocalcemia but is 
ciated with an alkalosis. A hypercalcemia is present in suppurating 
ctions *® and gout.*° Late tuberculosis is associated with hypo 
emia “' and is said to be benefited by therapy with calcium chloride 
i:vidence has been presented which indicates that a metabolic dis 
ince associated with a hypocalcemia may be one etiologic factor in 
ertension and in other conditions of increased smooth muscle tonus. 
his is the case, the hypocalcemia should be most conspiciously mani- 
n the hypertensions of pregnancy, in which condition a maternal 
tion of calcium takes place. That the parathyroid glands are inti- 
ely associated with calcium metabolism is clearly demonstrable. A 
tively comprehensive objective study of the blood pressure and blood 
ium determinations in a series of pregnant women was therefore 
rtaken to determine, if possible, any relationship between the two 


nomena. 


METHODS 


lhe present investigation deals with the results obtained in 222 blood 
] § 


ium determinations from a series of cases, including normal pregnant 
ents, pregnant patients with hypertension, and also some nonpregnant 
rols. The arterial tension was observed in each instance at the 
» the blood specimens were obtained. The analytic method was that 


eloped by Tisdall,** modified by Clark and Collip ** and later by 


eedie.** So far as possible the specimen and arterial tension read- 
were obtained at a uniform time of day, usually in the midafternoon. 
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27. Regan, J. C., and Tolstouhov, A. Significance of Blood Chemical 

inges in Pertussis, J. A. M. A. 86:1116 (April 10) 1926. 

28. Anderson, G. H., and Graham, S. G.: Quart. J. Med. 18:62 (Oct.) 1924 

29. Schulze, F., and Scheller, E.: Arch. f. klin. Chir. 136:763, 1925. 

30. Horowitz, P.: Am. J. M. Se. 171:560 (April) 1926. 

31. Teplitz, M. M.: Am. Rev. Tuberc. 7:222 (Nov.) 1925. Schoenheit, E. W.: 

m. J. M. Se. 170:689 (Nov.) 1925. Pinkhof, J.: Nederl. Tijdschr. v. Geneesk. 
:230 (Jan. 16) 1926. Pifierua, O.: Med. Ibera 20:98, 1926. 

32. Kramer, B., and Tisdall, F. F.: Bull. Johns Hopkins Hosp. 32:44 (Feb.) 
1921. Kramer, B.; Tisdall, F. F., and Howland, J.: Calcium and Phosphorus in 
Serum in Relation to Rickets, Am. J. Dis. Child. 22:560 (Dec.) 1921. Kramer, B., 
ind Tisdall, F. F.: J. Biol. Chem. 47:475 (Aug.) 1921. Tisdall, F. F.: J. Biol. 
Chem. 56:439 (June) 1923. 

33. Clark, E. P., and Collip, J. B.: J. Biol. Chem. 63:461 (March) 19235. 

34. Tweedie: To be published. 
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Hypertension cases in pregnancy may be grouped into four 
divisions,*° as follows: 

1. A relatively benign type, occurring moderately early in pregnancy, 
characterized by a gradual rise in arterial tension and little evidence of 
serious intoxication. These are the so-called nephroses of pregnancy. 


2. A late malignant type, occurring with a sudden unheralded 


onset, a rapid rise in arterial tension and evidences of marked intoxi- 
cation, quickly becoming a true eclampsia, with hepatic as well as renal 
and vascular damage. 


TABLE ] Relation of Average Blood Pressures at | ‘arying Levels of 


Calcium Concentration 


Average Blood Pressure 
Blood Calcium, : — a Number of 
Mg. per 100 Systolie Diastolie Observations 
7 148 ae 
142 
150 
148 
150 
143 
144 
155 


Pas_e 2.—Kelation of Blood Calctum Concentration at Varying Blood Pressu 


Systolic Blood Pressure, 
Min. Mercury Average Blood Calcium Number of Observations 

12.1 2 
10.7 10 
10.7 24 
11.1 6 
10 

10.¢ 

10.1 

10.6 

10.1 

10.9 

11.1 

11.2 

12.4 

11.8 


G8 


3. Hypertension in pregnancy in patients with preexisting vascular 
and usually renal disease, both undergoing exacerbation during the 
pregnancy. 

4. Hypertension in pregnancy with definite complications, such as 
toxic goiter, cardiac disease, acute infections and the like. 

The present series included twenty-nine cases of the first type, only 
one of the second or eclamptic group, sixteen of the third group, and 
one of the fourth. Four cases were classified as falling into both 
groups 1 and 3. Forty cases were studied as controls, including both 
the pregnant and the nonpregnant without hypertension. 


Stieglitz, EF. J.: Illinois M. J. 50:234 (Sept.) 1926. 
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RESULTS 
{he comparison of the arterial tension levels to the calcium content 
of the blood may be carried out by two methods: first, to determine the 


erage arterial tension at given blood calcium concentrations and 
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Chart 2—Average calcium content at different levels 


f vascular pressure 
lid line, blood calcium content: broken line, number of 


\bservations. 


second, to determine the average calcium content at different levels of 
vascular pressure. The results of such analyses appear in tables 1 and 2 
and charts 1 and 2, incorporating all the determinations 

The tabulated and charted results reveal a definite lack of direct or 


indirect variation. The averages are remarkably uniform in either 
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method of comparison. The averages of 
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the blood calcium content 


coincide well with previously published results for normal persons. 


Eighty-eight per cent of the calcium determinations ranged from 9 to 
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Chart 4. 


Lactation Disk hampe, 


Curves from fourteen cases of preexisting vascular and renai diseas¢ 


upper solid line, systolic, lower solid line, diastolic blood pressures; broken lin 


calcium content. 


13 mg. per hundred cubic centimeters of plasma, and 60 per cent fell 


between 10 and 12 mg. Anderson’? places 


the normal average at 


10.7 mg. per hundred cubic centimeters of plasma. Pozzi ** found no 


6. Wyss, E.: Blood Calcium, Geneva letter, J. A. M. A. 86:1783 (June 5) 1926 


3 
37. Pozzi, A.: Policlinico 32:503 (Oct.) 1925. 
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parallelism between the blood pressure and blood calcium in dogs after 
rradiation of the suprarenals. These results are essentially similar to 
ose of Feinberg and Lash ** in eclamptic cases. 
However, averages of large series of figures are prone to obliterate 
tuations and therefore distort or conceal some true relationships. In 
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hart 6.—Record of patient HC 19 during pregnancy: upper solid line, sys- 
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ic, lower solid line, diastolic blood pressures ; broken lin cium content 

the course of these studies it was noted that a prompt postpartum fall 
n blood pressure occurred followed by a secondary rise with surprising 
regularity. The secondary rise occurred from fifty to one hundred 
hours after delivery and was coincident with the onset and establishment 
of lactation. In order to limit the study to one type of disturbance, data 
trom twenty-five cases of the first group were tabulated. The results 
are given in chart 3. 
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These observations are of physiologic interest. They correspond 
to the results of Hetenyi,“* who states that the blood calcium falls neat 
the end of pregnancy. The analysis of the total averages demonstrated 
an absence of definite parallelism between a rising arterial tension and a 
diminishing calcium concentration in the blood. Therefore, in pregnancy 
at any rate, | am led to the conclusion that the latter factor is not a 
vital mechanism in the etiology of hypertension. However, in the third 
chart there is clearly an inverse relation between the arterial tension and 
the blood calcium. Particularly interesting is the rise in tension, with 
the corresponding moderate hypocalcemia which occurred so regular! 
coincident with the onset of lactation. That a physiologic relation exists 
is highly probable, especially in view of the fact that lactation bring 
about a sudden drain on the free circulating calcium, which is then more 
slowly compensated by a metabolic readjustment. In the group o 
fourteen cases with preexisting vascular and renal disease a similar curve 
was obtained, although there was no definite relationship to the calciun 
content of the blood (chart 4) 

\nother noticeable difference is the greater height of both the systoli 
and the diastolic averages. This is characteristic of the group; thos 
patients with vascular disease existing before their pregnancy may 
and usually do, have blood pressures so high that ignorance of the pre 
existing disease may cause great alarm 

Two charts of individual cases (HC 15 and HC 19) reveal a simila: 
parallelism between an elevation in arterial tension and a hypocalcemia 
Other cases showed no such association 

The greatest degree of hypocalcemia occurred in a case of severe 
chronic glomerular nephritis with moderate hypertension, both condi 


tions being aggravated markedly by the pregnancy 


COMMENT 


These investigations demonstrate a lack of constant variation betwee! 
the calcium concentration of the blood plasma and the arterial tensio: 
and reveal relatively normal calcium values irrespective of hypertensto1 
in pregnancy. Therefore, the conclusion that hypocalcemia is not 4 
major etiologic factor in pathologic hypertension is warranted. How 
ever, a clear relationship exists between minor variations in arterial 
tension and the blood calcium content. This is strikingly demonstrated 
in chart 3. Such a relation has considerable physiologic significance 
and coincides with many previous observations of a relative hypo 
calcemia in clinical states associated with an increased tone of smooth 
muscle fibers. That the appearance of the secondary rise in arterial 
tension and fall in calcium content simultaneously with the onset of 


38. Hetenyi and Liebmann: Med. Klin. 21:1929, 1925 
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tation is more than purely coincidental is highly probable. The 
idden drain on free blood and tissue calcium, with the resultant 
pocalcemia, explains this phenomenon. The occurrence of physiologic 
riations in blood pressure is not necessarily due to the same mechanism 
pathologic hypertension. 

lherapeutically numerous attempts have been made to cause an 
rease in the blood calcium. Addison and Clark *® report a fall in 
terial tension, associated with diuresis and acidosis on the administra- 


n of calcium and potassium chlorides. Singer and others *° similarly 


port a fall in the blood pressure, a slowing of the cardiac rate and 


iresis following the therapeutic use of calcium lactate. However, it 


ist be recalled that calcium slows the heart and that this in itself may 


the explanation of the falling blood pressure jort *' showed 
cium salts to be absorbed on administration by mouth, but Orr, Holt, 


1 
} 


that this caused a 


ikkins and Boone *” and Briggs ** demonstrated 
luction of the amount of phosphate in the blood and urine, by the 
cipitation of calcium phosphate in the bowel. Briggs emphasized 

this reduces the synthesis of ammonia by the kidney, thereby 
ucing the renal load. However, in the absence of evidence that 
pocalcemia is the fundamental cause of the hypertension, therapy 


} 


ected toward raising the level of the blood calcium is not strong] 


licated. “True. pregnancy 1s associated with a maternal depletion of 
l | re ted witl 1 rnal depleti f 


ium, which must be replaced Dietary management, however, 


fices for this. 

lhe observations of Remond ** that caletum 

active growth of cancer cells and rises dur regression 
terest in connection with rapid fetal growth, with the gradually 
reasing moderate hypocalcemia near the termination of pregnancy 


the rise again during uterine involution 


SUMMARY 


1 


Hypocalcemia is not of major etiologic significance in arterial hypet 


tension in pregnancy, despite the fact that in such cases the relationshiy 


uuld be most conspicuous. 


Addison, W , and Clark, H. G anad. } 1. J. 15:913 (Sept.) 
40. Singer, G. Wien. med. Wehnschr. 34:247, 1921 Loewenstein, W 
Wehnschr. 5:354 (Feb. 26) 1926 
41. Hjort, A. M.: J. Biol. Chem. 45:783 (Oct.) 1925 
42. Orr, W. J.; Holt, L. E., Jr.; Wilkins, L., and Boone, F. H.: Relation of 
Calctum and Phosphorus in Diet to Absorption of These Elements from Intestine, 
J. Dis. Child. 28:574 (Nov.) 1924 
43. Briggs, A. P.: Metabolic Aspects of Calcium Therapy, Arch. Int. Med. 37: 
440 (March) 1926 
44. Rémond, A.: Compt. rend. Soc. de biol. 93:1061, 1925 
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ARCH 
During the final month of pregnancy a gradual rise in arterial tension 
s associated with a moderate hypocalcemia. 
Immediately after parturition a fall in blood pressure occurs, with 
a corresponding rise in the blood calcium concentration. 


Coincident and probably associated with the onset of lactation a 


secondary elevation in arterial tension occurs, with a corresponding a 


equally transient hypocalcemia. 
he latter phenomenon permits of physiologic interpretation 














VITAL CAPACITY 





A STUDY OF THE EFFECT OF BREATHING DRY AIR* 


It has been recognized that climates with a low relative humidity 
relief to some patients with asthma. Inferentially this is due, 
in part, to the beneficial effect of dry air, which will extract more 
sture from the bronchial tree than the air of a locality with a higher 
iidity. If this is true in respect to the bronchial moisture of 
hma, it should also be true in respect to bronchial moisture from other 
ces, such as cardiac and renal. 


lhe possible significance of this factor was seen in the course of 





erimentation on an entirely different problem. It happened that a 
ent with cardiac decompensation was asked to inspire through a 
of calcium chloride for a five minute period. The patient expressed 
gratitude for the procedure because he felt so much better and could 
ithe more easily than before. The experimenters’ curiosity being 
used, a number of patients with asthmatic, cardiac and renal diseases 
few with pulmonary infiltration were examined. A second series 
ne hundred patients, normal as to heart and lungs, served as a control. 
Che method consisted simply of taking the vital capacity on the 
born-Benedict metabolimeter before and after the patient breathed 
ugh a jar containing anhydrous calcium chloride. Three vital 
city readings were taken before and three after the breathing of 
ur, and the highest of these was recorded in each instance. The 
oride jar was connected to a face mask equipped with two-way 
lves so that only the inspired air passed through the jar. Expired air 
presumably always saturated with moisture at body temperature. In 
ithing, dry air will extract more moisture from the bronchi than 
| room air, which already contains a certain amount of moisture. 
» amount of moisture in the expired air is not appreciably changed 
ter dry air is discontinued, as shown by the following experiment. 
he amount of water collected in calcium chloride from the expired air 
before breathing dry air was 1.430 Gm. per 25 liters, and after dis- 
continuing dry air, 1.335 Gm. Carbon dioxide is not combined with 
lcium chloride; therefore it is a negligible factor. 





The results obtained in the normal subjects are shown in table 1. 
here was an average increase of vital capacity of 12.5 cc., or 0.3 per 
cent after breathing dry air. Forty-four per cent of the patients 


“From the Department of Medicine of Western Reserve University and 
Lakeside Hospital. 
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responded with an increase of vital capacity. Of these, 45 per cent 
showed an increase from 110 to 308 cc., and 55 per cent, less than 
100 cc. Fifteen per cent of the entire series showed no change after 
breathing dry air, and 41 per cent responded with a decrease of vital 
capacity. Of these, 14 per cent gave a decrease trom 110 to 308 cc., 
and 86 per cent less than 100 cc. It will be noted that the greatest 
increase was 308 cc., or 8.4 per cent., and the greatest decrease likewise 
was 308 cc., or 7.6 per cent. Although 75 per cent of the patients 
showed no change after breathing dry air or varied to + 100 cc., the 
change in the remaining 25 per cent requires explanation. 

In this kind of an experiment, in which the personal factor 1s such 
an important element, it is hard to estimate when a patient has give1 
his best cooperation some patients are overanxious to please while 

‘rs are the reverse, and the results may be equally unreliable. Su 
factors may account for variations as great as 308 cc. On severa 
occasions I became the subject, and an assistant found that my vita 


capacity remained exactly the same after breathing dry air. In thes 


instances cooperation is not so questionable. There is another expl 


nation which may be offered for those who gave a decrease of vita 
capacity after breathing dry air; namely, superventilation, which has 
been shown by Joannides ' to decrease vital capacity. ‘The patients we 
instructed to breathe normally, but in several instances respiration was 
leeper and more rapid than normal. 

lhe criticisms mentioned above are applicable to the patients wit 
bronchiolar edema, but in these cases there were criteria to prove the 
benefit of breathing dry air in addition to an increase of vital capacit 
The least important of these criteria was the subjective improvement 
noted by a large proportion of the patients. In some cases this may hav 
been influenced by suggestion, but in a number it was purely spontaneous 
Most important, however, were the observations of physical signs befor 
and after the experiment. If a patient experienced relief, almos 
invariably some change was noted in the number and character of the 
rales in the lungs; still more important, change was noted in 
respiratory excursion of the chest and the lung volume. 

Che significance of the respiratory excursion of the chest has bee 
pointed out by Hoover * and is particularly significant when properly 
applied in a study of these cases. He has shown that the movement 
of the costal margins during inspiration results from the combined effect 
of the intercostal muscles and the diaphragm. The effect of the inter 


costal muscles is to produce lateral movement of the rib ends and 


1. Joannides, M.: Effect of Dyspnea Variously Produced on Vital Capacity) 
of Lungs, Arch. Int. Med. 33:145 (Jan.) 1924 

2. Hoover, C. F Diagnostic Lung Signs, Arch. Int. Med. 20:701 (Nov 
1917 








TABLE 1.—Normal Cases 


Vital Vital 
Capacity Capacity Expected 
Before After Vital Gaib or 
Dry Air, Dry Air, Capacity, Loss in 
Ce. Ce Ce Percentage 
4,400 0.4 


9 


4,750 4,730 
4,730 4,884 
804 
+US58 


ROS 
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TABLE |] Vormal Cases—(Continued ) 
Vital Vital 
Capacity Capacity Expected 
Befor« After Vital Gain or 
Dry Ai! i Capacity, Loss in 
( Ce. ce. Ce. 
s 4,488 4,150 —154 3.4 
I ? GO4 3,475 0 0.0 
s 5,390 1,100 —242 —t.4 
= 6454 3,500 — 29 —f) ¢ 
198 3,800 6 
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that of the diaphragm, to produce medial movement. In a no 


mal person the costal margin moves laterad because the balan 

of power is in favor of the intercostal muscles. This ascenden 

of power is due to the mechanical disadvantage of the diaphrag 

which, because of its dome, exerts its traction in a curved rath 

than in a straight line between its points of origin in the cent: 

tendon and insertion at the costal margin. Anything which w 

depress the diaphragm, making the line of traction more near! 
a straight line, will decrease the disadvantage and finally may giv 
ascendency of power to the diaphragm. Under such circumstance 

the costal margin will move laterad to a lesser degree, become stationar 
or move mediad according to the degree of depression of the diaphragn 
It should be kept in mind that enlargement of the heart or a pericardia 
effusion depresses only that part of the diaphragm attached to the 
costal margin from the ensiform process to the seventh costal cartilage, 
and pleural effusion or emphysema that part from the seventh costa 
cartilage laterally. Therefore, enlargement of the heart or pericardial 
sac limits the outward movement of the medial portion of the costal 
margin during inspiration, and an emphysematous lung or pleural 
effusion limits the movement of the lateral portion of the costal margin. 
\ markedly emphysematous lung may affect also the entire costal 
margin. It is important to understand this conception of the effect of 
emphysema on the costal margins because otherwise a case like the 
following could not be explained. A patient with bronchiolar hypertonus 
and emphysema showed the entire extent of both costal margins moving 
mediad with inspiration, a tympanitic percussion note throughout the 
chest, low lung bases with no excursion during respiration, and a marked 


diminution of vital capacity. A dose of 1 cc. of epinephrine hydro- 
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loride subcutaneously gave an increase of vital capacity and good 
itward excursion of the costal margins during inspiration, but the 
bases remained at the same level and continued to show no 


]- 


irsion. ‘This observation can be explained only on the basis of a 


ked emphysema of both lungs which depressed the diaphragm and 
ited in mediad movement of the costal margins before the injection 
pinephrine hydrochloride, and a marginal emphysema of the lung 

which persisted after the injection of the drug, but which was not 


1 
} 


icient to depress the diaphragm. 

With this concept understood, the significance of changes in the 
ement of the costal margins after breathing dry air is obvious. 
s was found in many cases of emphysema, the costal margins were 
ing mediad before breathing dry air and laterad subsequently, only 
conclusion could be reached, namely, that a diminution of lung 
ime had occurred as a result of the dry air. This diminution of 





1yvsema could have been accomplished only by a lessening of 


nchial moisture which had caused bronchial 


stenosis and thereby 
luced localized or generalized emphysema. 

t is not conceivable that bronchial stenosis due to any other factor 
moisture could be modified by dry air. Furthermore, it is equally 
nceivable that vital capacity reduced by encroachment on, or limi- 
n of, movement of the lungs could increase as a result of dry air. 
1yocardial failure with edema in the bronchial tree, however, there 
hbundant opportunity for some or all of the bronchi to become partially 
mpletely stenosed, with a resultant emphysema. This is the type of 

; 


that will respond to dry air with an increase of vital capacity, a 


rease of emphysema, an increased motility of the lung and chest wall 
| subjective improvement. 
There are cases of mild cardiac decompensation which show a 
reased vital capacity, but no moisture in the bronchi. Von Basch 
1889 advanced the idea that increase of arterial pulmonary pressure 
sed a distention of the alveolar capillaries, thus producing a stiffening 
ungenstarheit ) which interfered with expansion and retraction of the 
xs. Siebeck * reached a similar conclusion. Recent work of Drinker, 
eabody and Blumgart ° gives credit to this theory, but it is considered 
ss important in reducing vital capacity than the “inward swelling” 
Lungenschwelling of von Basch) of the capillaries, which tends to 
liminish alveolar space. Lundsgaart® attributes the initial loss of 
vital capacity to increase of residual air, that is, stiffening of the lung. 


3. Von Basch, S Wood’s Medical and Surgical Monographs, vol. 3, no. 1, 


4. Siebeck R.: Arch. f. klin. Med. 100:204, 1910. 

5. Drinker, Peabody and Blumgart: J. Exper. Med. 35:77 (Jan.) 1922 
6. Lundsgaart, C.: Determination and Interpretation of Changes in Lung 
in Certain Heart Lesions, J. A. M. A. 80:163 (Jan. 20) 1923. 
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In the later stages of decompensation, however, he attributes it entirely 
to diminished air space. If a lung is rigid because of engorged capillaries 
and interstitial edema, or the air space is limited by the “inward swelling” 
of the capillaries, no change could be expected from breathing dry air 


Ii in addition to the factors mentioned above, there was also bronchial 


edema, there would be an increase of vital capacity caused by dry air in 
proportion to the amount of resultant bronchial stenosis. 
\ few selected cases will be illustrative of the above discussion. 


REPORT OF CASES 

Cast 2.—L. C., aged 40, had a condition diagnosed as syphilitic aortitis 
aortic insufficiency, aneurysm of the sinus of valsalva and = myocard 
insufficiency 

The costal margins were moving mediad before the experiment, a 
there were many rales in the lungs. The vital capacity was 2,134 cc. befor 
breathing dry air and 2,376 cc. afterward, a gain of 242 cc., or 11.3 per cent 
The expected vital capacity was 4,323 cc. The patient experienced considerab! 
relief, and the costal margins were now moving laterad. There was no change 
the number of rales, 

In this case necropsy showed the aneurysm to be very small and the aort 
not greatly dilated; therefore, neither could have produced bronchial stenosi 
The only remaining factor for the production of stenosis and the resultins 
emphysema was moisture in the bronchial tree due to myocardial insufficien 
Breathing dry air decreased lung volume, as shown by the movement of the cost 
margins. An increase of vital capacity was additional proof of decrease 
emphysema. The vital capacity did not rise to normal because it was part! 
inhibited by lung rigidity caused by engorged capillaries and interstitial edem 

Case 18.—E. McT., aged 54, had a condition diagnosed as myocardial insu 
ficiency, generalized arteriosclerosis, chronic myocarditis and chronic nephriti 

Examination showed crepitant and bronchial rales throughout the lower pat 


ot the chest There was a slight amount of fluid in the left pleural cavit 
The lateral portion of the left costal margin was stationary, but the media 
portions and right lateral portion were moving laterad with inspiration. T1 
expected vital capacity was 4,072 cc., but the actual only 1,452 cc. After tl 


patient had breathed dry air for five minutes, the vital capacity was 1,496 « 
After a further nine minute period, it was 1,716 cc., a gain of 264 « 
or 18.2 per cent over the patient’s vital capacity before breathing dry air. Breatl 
ing dry air was continued for six minutes more with a resultant vital capacity « 
1,804 cc., a further gain of 88 cc., or 5.1 per cent Thus there was a total gai 


of 352 cc., or 24.2 per cent. Examination at this time showed fewer of both type 
f rales, particularly the bronchial. The left lateral costal margin was now mov 


ing laterad freely with inspiration. The patient felt better and could breathe easie 
because he said, “There is less tightness in my chest.” 

On a later date, examination showed no rales in the lungs, good lateral 
excursion of the costal margins with inspiration and no respiratory difficult) 
The vital capacity was now 3,630 cc., and dry air gave no increase. 

In this case, nephritis could have been the cause of a reduced vital capacity, 
but it was the opinion that myocardial insufficiency was the most important 
factor in the production of bronchiolar moisture There was no condition 
other than moisture to produce bronchiolar stenosis. The lateral portion of th 
left costal margin could have been limited in its ‘outward excursion during 
inspiration by fluid in the pleural cavity on that side, but was due rather to 
localized emphysema of the left lower lobe, which was caused to disappear by 
breathing dry air. Here again, an increased vital capacity was a proof of 
the foregoing observations. The later experiment, when no increase of vital 
capacity was obtained, was performed at a time when emphysema was not 
present 
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Case 25.—M. S., aged 43, had a condition diagnosed as myomalacia cordis 
nary thrombosis and myocardial insufficiency 

On the day of the experiment there was an undeterminable amount of fluid 
ith pleural cavities with emphysema of both upper lobes of the lungs and 
w crepitant and bronchial rales. Both costal margins were moving mediad 
eir entire extent. The expected vital capacity was 4,825 cc., and the actual 
1,474 ec. After breathing dry air, it rose to 1,672 cc., a gain of 198 ce. or 13.4 
cent. The lateral portion of the right costal margin was now moving laterad 


was no change in the rales 


this case there was nothing to account for bronchial moisture and 
sis except myocardial insufficiency The diaphragm was depressed ot 
sides causing a medial movement of the costal margins \iter breathing 


iir, emphysema of the right lower lobe was decreased, and the costal 
on that side moved laterad with inspiration. Thus there was a com 
of fluid and emphysema on the right side and fluid alone in the 
part of the left side of the chest. Dry air could not modify the decreased 





capacity due to the pleural effusion, but had an appreciable effect by 
asing the emphysema present in the right lower lobe 
E 38.—T. T., aged 49, had a condition diagnosed as auricular fibrillat: 
ocardial insufficiency, asthma and chronic emphysema 
e vital capacity before and after breathing dry air was 2,420 cx ind 


cc., a gain of 286 cc., or 11.4 per cent. Before the experiment the costal 
ins were moving mediad throughout their entire extent, and there were 
bronchial rales. After the patient had breathed dry air, there were fewer 
ind both costal margins were moving strongly laterad with inspiration 
this case a decrease of vital capacity could have been due to myocardial 
he volume 
e lung was changed markedly by breathing dry air as shown by costal 


been due to partial 


ficiency, bronchiolar hypertonus or atrophic emphysema. Since t 


in movement, a part of the emphysema must have 
sis of the bronchi by moisture 
se 42.—C. B., aged 54, had a condition diagnosed as exophthalmic goiter 
nic myocarditis with myocardial insufficiency, auricular fibrillation and 
iosclerosis with hypertension and emphysema 
()n the day otf the experiment the lung bases were at the level ot thi 
ith rib in the midscapular lines. The medial portions of the costal margins 
moving mediad and the lateral portions slightly laterad with inspiration 
re were crepitant rales at the lung bases posteriorly. The vital capacity 
3,278 cc., and was not changed by quiet breathing of dry air. After a five 
ute period of deep breathing, however, it was elevated to 3,564 cc., a gail 
286 cc., or 8.7 per cent. The expected vital capacity was 3,915 cx \iter 
last part of the experiment, the rales were fewer; the costal margins were 
ing laterad throughout their entire extent with inspiration, and the lung 
es were elevated 2 cm 
In this case moisture in the bronchi due to myocardial insufficiency caused 


physema. This in turn resulted in a decreased vital capacity and increase 
lung volume. Breathing dry air decreased the lung volume, as shown by the 


position of the bases and the excursion of the costal margins 


lable 2 shows the results obtained in a series of cases, similar 


to those cited above, in which myocardial insufficiency was the cause of 
pulmonary edema, increased volume of the lung and diminished vital 
capacity. There was an average increase of 190 cc., or 11.4 per cent in 
vital capacity as a result of breathing dry air. The greatest increase was 
484 cc., or 50.8 per cent, and the lowest figure was a decrease of 88 cc., 
or 8.3 per cent. Eighty-two per cent of the determinations showed an 
increase from 110 to 484 cc., 7 per cent less than 100 cc., and 11 per cent 
a decrease of less than 100 cc. 
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hese results are to be contrasted with those of table 1. The con 
clusion seems warranted that breathing dry air extracted sufficient 
moisture from the bronchial tree to decrease the resultant emphysema. 
That emphysema was present could not be doubted when the movement 
of the costal margins before and after breathing dry aid was observed. 
Emphysema, therefore, was one of the factors in the reduction of vital 
capacity, which was increased when the emphysema was decreased by 
extraction of moisture from the bronchi. 

The foregoing results and conclusion are applicable only to patient: 
who have emphysema caused by excessive moisture in the bronchia 
tree. In cardiac cases, with no signs of myocardial insufficiency except : 
lowered vital capacity, dry air should, theoretically, give no increas 
and experimentally it does not. The decreased vital capacity in su 
cases is due to lung rigidity from engorged capillaries and interstiti 
edema. Therefore, since there is no excess of moisture in the bronchi 
dry air can be of no value. Table 3 shows results in such cases. T! 

; 


iverage increase of vital capacity was 35 cc., or 1.3 per cent 





a ? l Cases 
G Loss of Gain ¢ Loss « 
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Cas Cr Pere ge ( Ce Pereen 
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19 14 
g 1 f 
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1.2 4 Re g 
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Several illustrative cases are given below. 
CasE 6.—F. M., aged 43, had a condition diagnosed as: acute fibrin 
pericarditis, acute myocarditis and auricular fibrillation 


On the day of the experiment there were no abnormal physical signs except 
an occasional rale at the lung bases. The expected vital capacity was 3,800 « 
Before and after the patient had breathed dry air, the vital capacity wa 
2,838 cc., and 2,882 cc., a gain of 44 cc., or 1.5 per cent. 

The actual vital capacity in this case was about 1,000 cc. less than thi 
expected capacity. There was little free moisture in the bronchial tree and 
no emphysema, as was shown by the normal excursion of the costal margin 
Lung rigidity due to cardiac stasis and not to emphysema, therefore, was the 
cause of a decreased vital capacity. Since dry air could not affect the rigidity 
of the lung, it could likewise not affect vital capacity. 

Case 11—L. McL., aged 28, had a condition diagnosed as mitral stenosis 
and insufficiency. 
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There was a good state of cardiac sufficiency with the exception of a 
capacity of 1,870 cc., as contrasted with an expected vital capacity of 
'}cc. After the patient had breathed dry air, the vital capacity was 1,848 cc., 


; of 22 cc., or 1 per cent. 
he reduced vital capacity in this case was due to the same causative facto! 


ioned in case 6 


(here is another type of case in which dry air should produce no 
ge in vital capacity, namely, atrophic emphysema, and this probably 
ints for failure to obtain an increase in certain cases of asthma of 
luration. There are patients with asthma, however, who do respond 
n increase of vital capacity, and who show objective and subjective 
] 


re after dry air. Which patient will respond in this manner, and 


| 


will not is a matter of conjecture, but this makes the experiment 





nical value because it makes possible the classification of patients. 





hose who respond favorably to a short test with dry air probably) 
find a climate with a lower relative humidity much more com 
ble and less conducive to acute attacks. If all cases of asthma 
lue to free moisture in the bronchi, dry air would be of advantag 
| I r ( 
Gain or Loss of ( I S 
Vital Capacity V Cay 
After Dry Air, Gain or Loss in I \ { I 
Ce Percentage ( ( ¢ 
) 1 l “i 
4 l 16 
] ~ 


entire group. However, there are cases with little moisture, as 
n by few rales and minimal expectoration. The mechanism of 
chial obstruction in such cases is not clearly understood. It may 
ie to hypertonus of the bronchi according to the common conception 
iccording to a newer idea, to hives of the bronchial mucosa similar 
ose seen in the skin in protein sensitization. 
Che recent unpublished work of Hoover and Beams (Lakeside 
spital) proves that emphysema, as produced in guinea-pigs during 
phylaxis, is not caused by bronchiolar hypertonus, but by edema of 





the mucosa which produces wheals not unlike those seen in urticaria of 
he skin. This condition results in bronchial stenosis and emphysema. 

Regardless of condition, whether it be hypertonus or hives, the fact 
remains that the obstruction in the bronchus is not free moisture and 
should not in any way be affected by breathing dry air. If there is a 
combination of both, dry air might be of some value. Accordingly, a 
number of patients with asthma were tested with dry air before and after 
the giving of epinephrine hydrochloride. 
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Cases 49, 50, 52 and 54 (table +) amplify the foregoing discussion 


TasLe 4.—Effect of Dry Atv Before and After the Use of Epinephrine 
drochloride in| Asthma and Emphysema 


Gain or Loss Gain or Loss Gain or Loss 
of Vital of Vital of Vital 
Capacity Capacity Capacity 

Before . Gain or Due to After 
Epinephrine Loss Epinephrine Epinephrine 
Hydrochloride, n Hydrochloride H vdrochloride, 
Ce Percentage Cc tuge Ce 

0.0 110 ra 110 
198 » 


lable 5 shows the results obtained in several cases of pulmonary 
infiltration, but the results are too few for comment. It seems likely that 


further work will show an increase of vital capacity in resolving lobar 


pneumonia or a bronchopneumonia with considerable bronchial moistut 


TABLE 5.—Pulmonary and Pleural Conditions 


Gain or Loss of 
Vital Capacity 
After Dry Air Gain or Loss 
Co Percentage Condition 


12.8 Lobar pneumonia 
Bronehitis 
Lobur prieumonia 
Pleurisy with effusion 
Bronchopneumonia 
Lung abscess 
Pleurisy with pulmonary infiltratio 
Lobar pneumonia 


ASTH MATI(¢ CASES 


Case 49.—]. K., aged 48, had a condition diagnosed as chronic emphysema 
chronic bronchitis, chronic myocarditis and myocardial insufficiency 

This patient entered the hospital because of shortness of breath, edema of 
the legs, swollen abdomen and palpitation, all of which were of two weeks 
duration Asthma had been present for twelve years. On the day of the 
experiment, the examination showed a marked degree of cyanosis, the heart 
enlarged in all diameters, and poor motility of the lungs, as shown by dimin 
ished undulation and the mediad movement of the entire extent of both costal 
margins. The percussion note was tympanitic throughout the chest, and ther¢ 
were many musical and bronchial rales 

The expected vital capacity was 4,225 and the actual 924. After the patient 
had breathed dry air for five minutes, the vital capacity was 1,210 —an increase 
of 286 cc., or 31 per cent. The costal margins were now moving laterad 
throughout their entire extent, but there was no change in the number or 
character of the rales. The patient felt distinctly better. Ten minutes after 
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breathing the dry air, the patient's vital capacity was 1,122 cc., and the left 
lateral costal margin was stationary. After the administration of 7 mm. of 
epinephrine hydrochloride, the vital capacity was 1,122 cc., and thirty minutes 
later it was 1,100 cce.—there being no effect objectively or subjectively caused 
by the drug. Dry air was again used for ten minutes, and the vital capacity 
e to 1,298 ce., an increase of 198 cc., or 18 per cent. Both costal margins 
ere moving vigorously in the laterad direction, and there was further sub- 
tive improvement. This case showed a total increase of 484 cc., or 52.3 per 
t, due entirely, therefore, to the breathing of dry air. A subsequent observa- 
on the same patient showed the following: The vital capacity before 
aiter the breathing of dry air was 924 and 1,034 cc., respectively, an 
rease of 110 ce., or 11.9 per cent. Dry air was now continued for another 
1inute period which resulted in an elevation to 1,122 cc. —a further increase 
‘c., or 8.5 per cent. Thus there was a total increase in this instance 
8 cc., or 20.4 per cent. The costal margins which had been moving mediad 

re the experiment were now moving laterad 
this case decreased vital capacity could have been due to myocardial 
ficiency, bronchiolar hypertonus, bronchiolar edema, atrophic emphysema 

combination of these conditions. 

}efore the patient had breathed dry air, the costal margins were moving 
iad with inspiration, indicating in the light of other physical observations, 
w position of the diaphragm due to emphysema. Ajiter the breathing of 
air, both costal margins moved laterad with inspiration, indicating a 
ning of the emphysema An increased vital capacity also resulted. The 
lusion can be drawn, therefore, that one factor causing a decrease of vital 


icity Was moisture in the bronchial tree which resulted in emphysema. The 


capacity was not affected to a greater degree because of atrophic 
ysematous changes and rigidity from cardiac decompensation \fter a 
inute interval, the vital capacity had dropped about 100 cc., and, what 
more striking, the left lateral costal margin was now stationary on 
ration. The latter observation indicated an increase of emphysema of 
eft lower lobe as the result of a recurrence of moisture in that part oi 
bronchial tree At this time, epinephrine hydrochloride gave no change 


physical signs or vital capacity; therefore the emphysema was not due to 
chial hypertonus. The breathing of dry air then caused the left lateral 
on of the costal margin to move laterad with inspiration \t a later 
he experiment was repeated with similar results 


Thus it may be concluded from this case that moisture in the 
nchial tree caused emphysema and decreased vital capacity. Bronchi- 
hypertonus contributed nothing to the decrease of vital capacity, 
cardiac stasis and possibly atrophic emphysema contributed to a 
great degree. These factors could not be modified by dry air; therefore 


ere was not a greater increase of vital capacity. 


Case 50.—P. B., aged 42, had a condition diagnosed as allergic asthma 
Seven months prior to admission to the hospital, the patient had had an 
ttack of what appeared to be hay-fever which later developed into a typical 
asthma. There had been several severe attacks since the onset. The expected 
ital capacity was 3,875 cc., and the actual 3,080 cc. At this time the patient 
not having paroxysms, and there were no physical signs except a few 
musical rales in the chest. After the patient had breathed dry air for five 
minutes, the vital capacity remained the same, and there was no change as to 
rales or subjective improvement. A later determination during a paroxysm 
showed the vital capacity to be 1,800 cc. before and after a ten minute period 
of breathing dry air. There were no more rales at this time, but the dry air 





486 {1RCHIVES OF INTERNAL MEDICINE 


produced no change, and there was also no subjective improvement. A still 
later determination gave 1,562 cc. before and after dry air, and this time there 
was a profusion of bronchial rales, restraint of lateral portion of the costal 
margin and a depression of the lung bases. The experiment accentuated 
unpleasant subjective symptoms. The administering of epinephrine hydro- 
chloride gave almost instantaneous relief, but unfortunately the vital capacity; 


was not secured at this time. 


In this case bronchial obstruction was due to hypertonus or hives 


and not to moisture. As was to be expected, dry air gave no reliei 
whereas epinephrine hydrochloride markedly changed physical signs and 
vital capacity. 
Case 52.—J. K., aged 50, had a condition diagnosed as asthma 
[here were only a few musical rales in the lungs, and the motility of t 
chest was good ‘ time of the experiment. The expected vital capac 
4,432 cc., al he actual 2,750 cc. After the patient had breathed dry 
five minutes, the vital capacity was 2,706 cc., a loss of 44 cc., or 1.6 per cent 
a further five minute period, it was 2,640 cc., a further loss of 66 
cent. After the administration of 10 mm. of epinephrine hyd 
hloride, the vital capacity rose to 3,690 cc., a gain of 1,056 cc., or 39.1 per ceé 
\fter full effect from the epinephrine hydrochloride, the vital activity remait 
at 3,696 cc.; dry air was now breathed for five minutes, and the vital capa 
rose 4,153 >, a further gain of 462 cce., or 12.5 per cent 


The reduction of vital capacity in this case was due to broncl 
obstruction partly from moisture and partly from hypertonus. Dry « 
caused no change before epinephrine hydrochloride was injected, ai 
it may be hypothecated that regional hypertonus prevented the dry a 
from reaching the bronchioles in which there was moisture. After f 
effect from the epinephrine hydrochloride, however, dry air gave 
further gain of vital capacity. The additional hypothesis may be stat 
that when the regional hypertonus was removed by epinephrine hydr 
chloride, dry air penetrated to the bronchioles and removed moistu 


which still remained a partial cause of obstruction. 


Case 54.—F. F., age 3, had a condition diagnosed as chronic bronchit 
with emphysema and asthma. 

Examination showed the costal margins to be moving mediad through 
their entire extent. The lung bases were at the twelfth rib in the midscapula 
line, and there were musical rales throughout the chest. The expected vit 
capacity was 4,275 cc. and the actual only 1,232. After the patient had breath« 
dry air for five minutes, the vital capacity was 1,492 cc., a gain of 260 cc., 01 
21.1 per cent. There was considerable subjective but no objective change 
the patient’s condition. Ten minims of epinephrine hydrochloride was no 
given and six and one-half minutes later the vital capacity was 3,080 cc., a 
gain of 1,588 cc., or 106.4 per cent. There was no further increase six and 
one-half minutes later. The costal margins were now moving laterad through 
out. The right base was elevated 3 cm. and the left, 5 cm. All the rales 
with the exception of a few crepitant ones at the bases, had disappeared. 
There was, of course, marked subjective improvement. Dry air was now 
instituted for five minutes, and the vital capacity rose further to 3,498 cc., 
a gain of 418 cc., or 13.6 per cent. There were no further changes in the 
physical signs, but the patient felt better and resented the discontinuing of 
breathing dry air. 
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bronchial obstruction from a combination of 


This case presents 
Dry air increased the vital capacity by 


pertonus and moisture. 
acting a part of the bronchial moisture; epinephrine hydrochloride 
reased it markedly by relieving hypertonus, after which dry air was 
further effective by penetrating bronchi in which moisture still 
luced a stenotic affect. 
SUMMARY 


\n experimental method is described for testing the effect, on 


capacity, of breathing dry air. 

One hundred patients, normal as to heart and lungs, were tested 
iverage increase of vital capacity in these cases was 12.5 cc. or 
er cent. 

A number of patients with cardiac decompensation were tested ; 
was an average increase of 190 cc., or 11.4 per cent. 

In patients with cardiac compensation there was an average 
ase of only 35 cc., or 1.3 per cent. 

Patients with asthma varied in their response. Several responded 
an increase before and after the injection of epinephrine hydro- 
Others responded with an increase due to dry air and none to 


‘ide. 
the reverse. 


ephrine hydrochloride; the response in others was just 


CONCLUSIONS 


The conclusion seems justified that breathing dry air extracts 


1e 
h of the moisture to increase temporarily the vital capacity in 


I 


majority of patients with bronchiolar edema, decrease the lung 
ime and number of rales and produce a sense of subjective relief. 
vever, if the vital capacity is reduced because of bronchial obstruction 
r than moisture, interstitial pulmonary edema or a rigid lung due 
tasis, breathing dry air causes no change. The procedure may also 
used to differentiate between those patients with asthma whose 
nchial obstruction is due chiefly to moisture and not to hypertonus 
hives and thus will be selective of cases in which the patients will 


rove, in all probability, in a dryer climate. 





INTRAVENOUS INJECTION OF OUABAIN IN MAN* 


JOHN WYCKOFF, M.D 
AND 
WILLIAM GOLDRING, M.D 


NEW YORK 


During the past five vears, in the third medical (New York Univer- 
sity) division of Bellevue Hospital, we have been making controlled 
observations on the preparations, dosage, absorption and evidences of 
disappearance of the digitalis bodies in patients suffering from organic 
heart disease. Studies have been made, in conjunction with Egglestor 
and the Cornell medical division, on the absorption of digitalis when 
given by mouth, on the dosage and absorption of digitalis 
rectally administered and on the absorption and dosage of various 
preparations given hypodermically. We have found that absorption 


from the gastro-intestinal tract is so rapid and uniform, and whe: 


given in maximum dosage, complete digitalization takes place so prompth 


(within six to eight hours), that we have felt little practical need 
giving the drug intravenously. 

However, every physician is confronted from time to time with 
patients who, because of persistent vomiting due to the passive con 
gestion caused by heart failure, are unable to retain digitalis given b 
mouth. Such patients usually can be given digitalis by rectum, but we 
have had experience with a few patients who were unable to retain the 
drug when it was given by this method. These patients are in need of 
digitalization, and one must resort to hypodermic medication. If tl 
intravenous method is safe, it would seem to be the method of choice 
because of its rapidity of action, and because there is no after-pain as 1s 
the case with subcutaneous or intramuscular injections. 

Furthermore, it occurred to us that if the action of intravenous 
medication is as rapid as has been described, it might be possible to give 
fractional doses at such short intervals that total digitalization could be 
produced rapidly. A comparison might be made, as was done by 
Eggleston * (with digitalis by mouth), as to the dose required in relation 
to sex, age, cardiac condition and body weight. By the intravenous 
method these results should be more accurate as the variables of absorp- 

*From the Third Medical (New York University) Division and Adult 
Cardiac Clinic of Bellevue Hospital. 

* Read before the Section of Medicine, New York Academy of Medicine, 
April, 1926. 

1. Eggleston, C., and Wyckoff, J.: The Absorption of Digitalis in Man, 
Arch. Int. Med. 30:133 (Aug.) 1922. 

2, Eggleston, C.: Digitalis Dosage, Arch. Int. Med. 16:1 (July) 1915 
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tion and elimination are greatly diminished. The end reaction also, 
namely, the point of complete therapeutic digitalization, should be more 
accurately determined, as it is possible to have the patient under con- 
tinuous observation from the initial dose to the time of complete 
digitalization. 

It was decided to use intravenously a preparation which was readily) 
procurable and standard in its activity. Ouabain, which is amorphous 
strophanthin, otherwise known as strophanthin gamma, was the prepara- 
tion decided on. Hatcher and Bailey * have shown it to be a standard 

‘paration. Cohn and Levy * and others have described its activity on 

As in the case of other digitalis like intravenous preparations, there 
nsiderable divergence of opinion, however, as to its dosage. Hatcher 

Bailey state that no more than 0.5 mg. should be given in twenty- 

r hours. Cohn and Levy, on the other hand, have given twice that 

mint (1.1 mg.) in two hours. Levin and Cunningham’s ° experiments 

ved the margin between the minimum toxic dose and the minimum 

il dose to be 48 per cent. Levine, therefore, recommends that the 

be injected intravenously in small doses, 0.1 mg, every half hour, 

it there will be no danger of giving an excess of more than 0.1 me 
1e Minimum toxic dose; the sign of intoxication should be carefully 
hed for during the intervals between injection. 

ises of sudden death following the intravenous injection of all of 
digitalis-like bodies have frequently been reported. Levine believes 
such accidents may be avoided by the fractional method of dosage; 
ticularly is this true if partial digitalization has been produced before 
patients are given intravenous medication. 

he reports of such cases of sudden death have made physicians 

as to the use of intravenous medication. In spite of this fact, 

ine states that Vasquez and Luttenbacher have reported nearly 2,000 

ravenous injections of ouabain without harm or fatality. On the 
other hand, Cohn and Levy,‘ giving ouabain at one hour intervals, the 

t dose being from 0.4 to 0.5 mg. and the second usually from 0.3 to 
0.5 mg., found that ventricular premature contractions or ventricular 
paroxysmal tachycardia developed in 52 per cent of their patients with 
auricular fibrillation and in 12.5 per cent of the patients in whom there 
was regular sinus rhythm. When comparable doses of digitalis were 
given by mouth, only one-half that percentage of toxic effects was noted 


3. Hatcher, R. A., and Bailey, H. C.: The Clinical Use of Strophanthus 
J. A. M. A. 55:1697 (Nov.) 1910. 

4. Cohn, A., and Levy, R.: A Comparison of the Action in Patients of 
G-Strophanthin and Digitalis, Proc. Soc. Exper. Biol. and Med. 17:81, 1919- 
1920. 

5. Levine, S. A., and Cunningham, T. D.,: The Margin of Safety of Intra- 
venous Digitalis in Cats, Arch. Int. Med. 26:293 (Sept.) 1920 
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Cohn and Levy * state that it is rare for the dosage of ouabain used 


by them on patients with auricular fibrillation to decrease the rate of 


the ventricle for more than five days. 


EFFECT OF OUABAIN ON PATIENTS WITH ORGANIC 

HEART DISEASE 
As in a cardiac service in which more than 300 patients with various 
degrees of heart failure are admitted every year, patients are occasionally 


seen who would be benefited by extremely rapid digitalization if it is 
S 5 


safe, it was decided to make a study of the intravenous dosage of ouabain 
& 5 


necessary to produce therapeutic effects, its action time and the time oi 
the persistence of the action. 

For the purpose of studying the rate of absorption and total d 
needed, patients having organic heart disease with auricular fibrillati 
were selected. ‘These patients were put at rest in bed on a limited fluid 
intake and a uniform diet. Daily observations were made as to 
ventricular rate, pulse rate, weight, water intake and urine output. 
patients were observed in this way during a control period of from fi 
to ten days. On the day on which ouabain was to be administer 
observations of ventricular and pulse rates were made every five minu 
(fig. 1), previous to the first injections by about one hour. At the end 
that time the initial dose of ouabain was administered intravenously, a1 
the drug was administered every half hour until a full therapeutic eff 
was obtained. 

The first ten patients were given 0.1 mg. every half hour; after tl 
an initial dosage of 0.5 mg. was usually given, because we had determin 
that all adult patients needed a larger dose. In these cases this lat 
initial dose was followed by smaller doses, usually 0.1 mg. eve 
half hour. 

A beginning effect was considered to have taken place when 
injection was followed by a definite ventricular slowing which per- 
sisted. Full therapeutic effect was considered to have been obtained when 
the ventricular rate was slowed to 80 or below with obliteration of the 
pulse deficit. 

No patients who had received digitalis within two weeks were given 
ouabain. 

The preparation of ouabain used was that put up by Lily and Co. 
in ampules containing 0.5 mg. in 2 cc. of solution; 0.1 mg. of this 
preparation equals one cat unit. 

In all, 28 patients with auricular fibrillation, three with regular sinus 
rhythm and one with auricular flutter received 248 injections. Seven of 
these patients had a high temperature at the time they were examined. 
In analyzing our results of dosage, the patients with high temperatures 
have been studied separately from those with normal temperatures. 
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Table 1 shows the rapidity of action of ouabain given intravenously 
° Ss » 


in auricular fibrillation. It will be seen that about one-half of the injec- 














tions were followed by a beginning effect within five minutes, and that 
all except four which showed any effect did so within fifteen minutes. 
It was thought that there might be some relation between the size 


of the dose and the rapidity of action. Observations are arranged in 


TaBLeE 1.—Rapidity of Action of Ouabain Given Intravenously in Auricula 
Fibrillation 
Total number of injections given... 13 
No effect noted (dose in all 0.25 mg. or less . 
Effect noted in os Pe ee - te 
Minutes After Injection Number of 
Effect First Noted Cases 

7) 121 

w 

1 15 

0 

5 1 









TaBLE 2.—Relation of Stzse of Dose of Ouabain to the Rapidity of Acti 
Minutes Minutes 
Number of Number of After Injection After Injectio 
Tota Experiments Experiments First Action Greatest 
Size of dose Number of Showing Showing Noticed Action Not 
n Me Experiments Action No Actio (Average (Average 








0: 9 9} 0 






0.4 


0.25 ' 





Dosage in Mg. of Ouabain mm Pattent 


TABLE 3 





Temperature 



































Average 
Smallest dose 
Largest dose 
Average dose 
Smallest dose 
Largest dose in mg. per pound of weight.. 





0.0075 








dose per patient 


per patient 
per patient 


in mg. per pound of w 


in mg. per pound of weight. 


eight... 


table 2 so as to study such correlation. 


0 





mg 
0.7 mg 
1.7 mg. or 78. 


or 


0.0067 mg. 


0.0053 mg 
0.0089 mg 


or 
or 


26.5" 


> below 


Me. Ouaba Mg. Ouaba 

Experiment Mg. of per Experiment Mz. o per Pound 
Number Ouabair Weig sody Wei Number Ouaba Weight Body We 
0.8 149 0.0053 12 1.0 14 0.0051 
1.0 149 0.0067 13 1.0 121 0.0082 
‘a 149 0.007 14 Os 119 0.0067 
i J 187 0,005. 15 10 161 0.0062 
0.7 210 0.008 16 OSS 160 0.005: 
1.1 100 0.007 17 0.7 120 0.00538 
7 1.1 12: 0.0089 18 a 14 0.0062 
. 0.° 13 0.0089 190 0.7 100 0.0064 
) oO; 148 0.0064 on Os 150 0.008 
10 1.0 13 0.0071 9] 1.0. 1? 0.0084 







average 


9% above average 


20.9% 
32.9% 


below average 
above average 





It will be seen that, as a rule, in 


patients receiving larger dosage, beginning action occurs more rapidly, 
but that it takes a longer time for full action of such a single dose. 


Table 3 is arranged to show the dosage of ouabain in the patients 


without a rise in temperature. 








The weight noted in this table was the 








INTRAVENOUSLY 493 





WYCKOFF-GOLDRING—OUABAIN 


weight of the patient free from edema. Regardless of body weight, it 
will be seen that the average dose per patient is 0.95 mg. The smallest 
dose which produced full therapeutic effect was 0.7 mg. or 26.3 per cent 
below the average dose. The largest dose needed by any patient was 1.7 
or 78.9 per cent above the average. 
in terms of milligrams of ouabain per pound weight the average was 
1067 mg. The smallest dose was 0.0053 mg. or 20.9 per cent below the 
rage, and the largest dose was 0.0089 or 32.8 per cent above the 
rage. 
This would appear to bear out Eggleston’s * statement that there is 
stinct relationship between body weight and the amount of digitalis 
necessary to produce a therapeutic effect. 
able 4 shows the same figures in seven patients having a rise in 


perature. The average dosage both per patient and per pound body 











4—Dosage in Mg. of Ouabain in Patients with Elevati f Temperature 
Mg. Ouabain Mg. Ouabain 
ment Mg. of per Pound Experiment Mg. of per Pound 
ber Ouabain Weight Body Weight Number Ouabain Weight Body Weight 
1.5 138 0.011 1.0 o 0.011 
1.55 150 0.010 6 = 1 0.011 
1.25 149 0.008 7 10 ON: 
10 4 0.0106 
e dose per patient 1.23 mg 
st dose per patient 1.0 y 8.7% below 
t dose per patient... : 5 7 ibove 
ge dose in mg. per pound of weight 1 g 
st dose in mg. per pound of weight 0.0083 mg. or 17.8% below average 
t dose in mg. per pound of weight 1 mg. or 8.9% above average 


‘ht was higher than in the patients with no elevation in temperature. 
average dosage per patient was 1.23 mg., and the average dose in 
ouabain per pound body weight was 0.01 mg. The smallest dose 

this series which produced therapeutic effect was 1 mg. or 18.7 per 
below the average; the largest was 1.55 mg. or 9.7 per cent above 
iverage. 

(he variations above and below the average in terms of milligrams of 

iabain per pound body weight were 0.0083 mg. or 17.8 per cent below 
ind 0.011 or 14.9 per cent above the average. In this small series the 
total dose per patient would seem to have no particular relationship to 
weight. 

It was decided to determine whether it is possible to determine the 
rate of elimination or destruction of ouabain from the body. For this 
purpose after periods varying from two to nine days, ouabain was 
igain administered intravenously, usually 0.1 mg. every half hour until 
the ventricular rate had been brought down to a point approximately the 
same as after the first full effect (fig. 2) 
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able 5 shows the amount of ouabain needed to produce an effect 


similar to the effect of the initial dosage. This is shown both in milli- 
grams of ouabain and in percentage of the initial dose. A study of this 

shows a marked difference in the rate of elimination. It would 
( that the drug is eliminated more rapidly during the first two o1 
t days. There are other patients who seem to eliminate the drug 


slowly. if this method can be relied on to show elimination 





FABLE 5.—Studt t Elimination or Destru f Ouabau 
Amount Needed te Esti 
Produce E ffeet Eliminatior 
tia Number of Days Similar to Effect Rate Percentage of 
Dose, After Full Dosage of Initial Dosage, 4 Hours the Initia 
Mg Drug Resumes Mg Mg Dosage 
. 0.9 0.47 61.3 
( ( 100.4 
1. 8.5 
5 4 
rs 0 & 6s 
( 0.¢ 69 t 
1.0 4 6 ‘ 104 
1.0 4 1.( 2 1 
1.0 j 1.0 2 l 
0.9 4 0.95 24 l 
1.0 4 0.5 ( 
1.0 4 0.5 0 Of 
0.7 4 0 71.4 
I 4 1.35 ( a 
0.9: 5 O85 0.17 &y 4 
1.0 0.7 ) 70.0 
0.9, ¢ 1. 0.1¢ 105.4 
1.( 0.7 ( 7 
1. ¢ O.& 0.09 85.0 
6.—Persistence of Action of Ouabam After Full Therapeutic Effect 
nt of Initial Duration of Persistence Amount of Init Duration of Persistence 
osage in Mg of Action in Days Dosage in Mg of Action in Days 
0.65 0.7 + 
{ 0.7 4 
0.6. 0 { 
l + 
O8 
O.8, 0.7 > 
1.0 
1.05 0.7 9 
1.05 


\s we thought that the persistence of the action of ouabain might be 
indication to the excretion of the drug, fifteen cases were studied after 
the initial dosage until all effects had disappeared. ‘Table 6 shows the 
results of this study. While it again shows a wide variation, all except 
one of the patients showed that the action of the drug had disappeared 


at the end of five days. This is in accordance with the work of Cohn 


4 


and Levy 
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Sesides making these observations on the effect of ouabain on patients 
with auricular fibrillation, we treated with intravenous injections of 
ouabain three patients who had regular sinus rhythm; one patient was 
given a total of 0.8 mg. in three doses of 0.5 mg., 0.2 mg. and 0.1 mg 
given one hour apart. A second patient was given 0.9 mg. in doses of 0.5 


mg., 0.2 mg. and 0.2 mg. at one hour intervals. A third patient was given 
0.5 mg. in five doses of 0.1 mg. each at intervals of one hour. All three 


of these patients showed marked clinical improvement. Hourly electro- 
cardiograms were taken in these cases, but no definite increase in the 
P-R interval, and no marked or permanent T wave changes were not 
Chis also is in accordance with the observations of Cohn and Levy.* 
One patient who had auricular flutter with 2: 1 block received 1.25 mg 


in four doses of 0.5, 0.25, 0.25 and 0.25 mg. at one hour intervals. 
resulted in an increase of the 2:1 auricular ventricular block to 4 
block, but there was practically no change in the rate of flutter, thou 
the patient vomited. It was considered inadvisable to continue the adm 
istration of ouabain; all medication was stopped for six days, 2: 1 blo 
again returning. Digitalization was then produced by mouth, the pati 
receiving 13 cc. of a standardized tincture of digitalis or 0.1 of a cat ut 
per pound body weight in a single dose. The next day he was given 6 
more, making a total dosage of 19 cc. or 0.15 of a cat unit per pou 
body weight. The auricular flutter persisted with varying block. 
davs later he was given 7 cc. of digitalis, making a total of 26 cc 
0.2 cat unit per pound body weight; flutter persisted for forty-e1 
hours; then fibrillation suddenly set in without further digitalization 
[In our series full therapeutic digitalization was produced fifty 

times in thirty-two different patients. One patient developed prematu 
ventricular contractions; two patients developed vomiting. No ot 


xic Symptoms were noted. There were no fatalities 


SUMMARY 


(wo hundred and forty-eight intravenous injections of ouabain we 
administered to thirty-two patients who had heart failure, without fatal 
ities or harmful effects. 

(ne hundred and sixty-three of these injections were followed by a 
definite cardiac effect. The initial effect was noted in from five to 
twenty minutes, and the maximum effect in from fifteen to fifty minutes ; 
as a rule, the larger the dose the earlier the initial effect and the more 
delayed the maximum effect. 

\ greater amount of ouabain was necessary to reduce the ventricular 
rate in patients who had auricular fibrillation with elevation of tempera- 
ture than in those without elevation of temperature. 

The variation in dosage was less when calculated on the basis of 


hody weight than on the basis of total dosage 
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[he persistence of action of the drug was variable in the cases 
observed, but in all except three the persistence was never longer than 
five days. 

\lild toxic symptoms were noted in three of fifty-two instances in 

full therapeutic effects were obtained. 

would seem that ouabain, if given in fractional doses, may be 
istered with safety intravenously to patients with auricular fibrilla- 
it have not received digitalis recently. 

en ouabain is given to patients with regular sinus rhythm, greater 


ust be used. In these patients clinical improvement seems to be 


1 


criterion for full therapeutic effect ; and since moribund patients 


t show clinical improvement, there is greater danger of over- 





















DUST IN THE ETIOLOGY OF BRONCHIAI 
ASTHMA AND OF HAY-FEVER * 





ALBERT H. ROWE, M.D 


OAKLAND, CALI 


the 


House dust sensitization has gained increasing recognition 11 
etiology of bronchial asthma and hay-fever during the last four years 
Hav, grain and feed dusts as well as dusts with which bakers, millers 
wood workers and other artisans come in contact may also cause marked 
symptoms. However, attention in this article will be focused on ho 


dusts that are the most important of this group 


LITERATURI 


IXKern ' in 1921 first called attention to house dust sensitization, es 
cially to the dust of bedrooms. He felt that many patients diagnosed by i 
Walker as having nonsensitive asthmatic bronchitis were probabl 
sensitive to house dust. He recommended routine tests with dust extracts 
especially in cases in which other skin tests were negative. 

Cooke ? in 1922 published his observations on house dust sensiti 
tion. He reported a case of asthma of fourteen years’ duration in a 
man, aged 26, who gave no positive skin reactions except to dust extracts 
and whose asthma was entirely controlled by eliminating the offending 
dust from his environment. Of 327 patients with asthma, 109 were } 


found sensitive to his stock dust 1. Cooke predicted that dust extracts 
would be of definite diagnostic value in discovering etiologic substances 
in the environment of the patient. He felt that the active principle 
dust was possibly a new, specific and unknown one. 

Spivacke and Grove * in 1925 substantiated Cooke's idea that ho 
dust contains a specific substance, rather than some common inhalation 
protein, such as that of horse dander. They felt, however, that there 
ire many different dust atopens. 

Grove and Coca # in 1925 found the abilitv of house dust and pol! 
extracts to give skin reactions unchanged after the probable removal 


of all nitrogenous substances by dialysis and tryptic digestion. From 


Read before the American Association for the Study of Allergy, Dallas 
Texas, April 18, 1926 

1. Kern, A Dust Sensitization in Bronchial Asthma, M. Clin. N. Amer 
§:751 (Nov.) 1921 

cS Cooke, R \ New Etiologic 
7:147-162 (March) 1922 





‘actors in Bronchial Asthma, J. Immunol 


3. Spivacke, ( A., and Grove, E. F \ Study of House Dust Atopen 
in Asthma, J. Immunol. 10:465-469 (March) 1925 
4. Grove, E. F., and Coca, A. F.: A Study of the Atopens of Pollen 


House Dust, Horse Dander and Green Pea, J. Immunol. 10:471 (March) 1925 
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Black * stated in 1926 that tolerance to the active principle o 
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lles,” however, feels that it is nearly impossible t 
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data thev concluded that the active principle of dust and _ pollet 
icts Was not a protein and that of horse dander and green pea 


cts was a protein 


pollet 


obtained with apparently protein free extracts 


f 


ic solution contains no protein 
srown * reported 47 reactors to « 
asthma 


lever * in 1923 reported 57 per cent of 235 asthmatic patients sen 


o dust extracts. Of sixtv-one dust extracts tested, fiftv-five gave 
ve skin reactions He felt that house dust is the most common 
of bronchial asthma 


1925, Leopold * demonstrated the specific effect of house dust o 


nts with asthma who were sensitive to such dust. This work was 


d out ina dust proof room in which the temperature, humidity at 


of dust in the air were under absolute control 


HISTORY 
itients will frequently give the history of coughing or sneezing 


fever or asthma when in an atmosphere filled with house dust 


ted his trouble 





an with constant asthma for fourteen vears 


beating a carpet Such patients avoid sweeping and cleaning 
ing that they are more comfortable 1f the dust is not disturbed 
college professor discovered that 1f his room was never cleaned 


the windows never opened he was able to use it with the minimal 
hing and sneezing. When cleaning was done, he had to absent 


~ 


lf from his room for several days 


Must sensitization is so marked in many patients that they hav 


ptoms from the small amount that is at ail times suspended in the 


the ordinary home. Such patients will sneeze or cough if in a 
rht that raises dust in the air. I feel that certain asthmatic patients 
develop asthma a few hours after retiring are probably sensitive 
only to feather or other emanation proteins but also to the dust 


heir bedroom which gradually accumulates on the mucous mem- 

Black, J. H., and Moore, M. C Pollen Therapy with Protein-Free 
acts, J. A. M. A. 86:324-325 (Jan. 30) 1926 
| 


lerapy with Protein-Free Extracts, J. A. M. A 


Brown, A Present Day Treatment of Asthma, New York M. J 


8. Mever, G. P House Dust in Asthma, Atlantic M. J. 27:59-61 (Nov.) 


23 


( 


). Leopold, S. S., and Leopold, C. S.: Bronchial Asthma: A Study Under 


Controlled Conditions of Environment, Temperature and Humidity, J. A. M. A 


84:7 





31-734 (March 7) 
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branes until enough absorption occurs to cause symptoms. Such an 
explanation may be the real basis of the sneezing and coughing on aris- 
ing from sleep. Dust sensitive patients are worse in the winter when 
they are confined more closely to their homes. 

ln my series of patients giving reactions to house dusts, 66 pet 
cent gave histories suggesting such sensitization. It was noteworthy 
that men and children rarely gave such histories, probably because of 


lack of observation on their part. 


HOUS! DUSTS AND THEIR EXTRACTS 


House dust arises chiefly from materials of animal epidermal origi 


which furnish the home. Of these, feather pillows, hair mattresses 


voolen blankets and carpets give rise to surprising amounts of du 


ABLE 1.—RKea ns to Protems in Ten Patients with Asthma Sensiti 


Stock Du 


Reactions to 


ing Polle 


= < & « §& > = = = S re E & 
CS s tL ~ - a = - e 4 = a 
C a E = = > a Z ram = fy x a ne 
1. ( 0 ( 0 ( ( ( 0 0 
2 } ( 0 ( 0 { - 0 0 
4 ; 0 ( 0 0 0 0 0 0 
4 + ( 0 { { 0 { 0 0 0 
+ 0 0 ( ( ( 0 0 
t o { 0 ( 0 { 
v4 0 0 0 ( 0 0 0 + £. of 0 0 
» io it f { + + 0 
‘ ( ( ( 0 ( ( 
‘ f oO { o { 
Protein tests ure reportes groups, end minany routine tests have not been includes 


House dust may also contain rabbit and goat hair from upholstery, or 
root from face powder, pyrethrum, glue, certain wood and matting dusts 


as well as many others peculiar to each environment. To any of thes 


the allergic person may become sensitive. Cooke feels, however, that 
house dust contains a specific substance that has no relation to any 
these obvious sources of dust. He supports this opinion by a table of 
reactions to other common proteins in dust sensitive patients which 
shows that patients reacting strongly to the same dust exhibit no 
uniformity in their reactions to other inhalant or food proteins. 

[ have indicated in table 1 the cutaneous reactions obtained with 
the routine testing of patients sensitive to the most active dust (dust 13) 
These data show no regularity in the skin reactions obtained in the 
various patients, though all but two gave reactions to proteins of 


feathers and horse dander and all but three reacted to pollen extracts. 
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fhe last three cases are of interest since they gave marked reactions to 
‘teins of animal emanations and pollens, and less active results with 
dust extract. In general, the multiplicity of types and number of 
itizations and the dissimilarity of skin reactions in allergic patients 
illustrated. These results seem to support Cooke's idea of a new, 
ific principle in house dust, about the ultimate proof of which | am 
ubtful. 
he patient sensitive to house dust must live in an environment 
rely free from the dust as well as from other substances to which he 


] 
} 
t 


s reactions. From clinical experience, it must be assumed that the 


eptible person can have symptoms from the slightest amount of that 
suspended in the air of his home. The delicacy of such sensitization 
2.—Keactions of Patients to Their Own and Other S D xtracts * 


Dusts Fxtracts* 


: , i ) ) 
0 a) ) Db ) 
D D ) 
J ) 
, 0 ) 
U0 ) 
0 ) 
0 ) ) ’ ) ) ) 
0 ) ) ’ ’ , 
+ ) ) ) ) y ) 
0 ih) ) ’ , ) ’ ) ’ ’ 
( ) ) 0 ) ) ) 
he reaction to the patient’s own dust is underlined: ndicates that no test was made 


be very great. Alexander, Becke and Holmes in 1926 demonstrated 
typical anaphylactic reactions occurred in sensitive animals who 
inhaled a spray of the antigen, which experimentally affirms the impor- 
e of inhalants in the cause of asthma and hay-fever 
he extracts of house dust used have been prepared by extracting two 
1 three amounts of such dust with the same extracting fluid, allowing 
two days at ordinary temperature for each extraction. For some months 
Coca’s extracting fluid was used, but for the last eight months 0.5 per 





cent salt solution, as suggested by Piness,'® has given a large number of 
ictive extracts. Such solutions have been sterilized by the addition 
of 0.3 per cent cresol and by Berkefeld filtration. Dust extracts have 
been prepared during the last year from dust from the houses of thirty- 


10. Piness, G.; Miller, H., and Alles, G. A.: Comparative Methods of 
Protein Extraction, J. A. M. A. 83:608-611 (Aug. 23) 1924 
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two patients with hay-fever or asthma. Twenty of these have given 
good skin reactions and have been kept for stock solutions. Table 2 
details the reactions of ten such patients to their own dust extract and 
to the extracts of each of the other nine patients. This table indicates 
that in those cases in which no skin reactions to any dust extract were 
obtained and in which a definite history of dust sensitization was present 
we probably did not extract the dust from the proper rooms of the 
patient's house This also applies in those cases in which reactio1 

ecurred to other dust than their own. Case 4+ gave large reactions to 
several dust extracts, including the autogenous one. Patient 16, how 


ver, gave no reactions except to her own extract. All of this supports 
he probability that house dust contains many, though possibly specifi 


ctive prit ciple S 


SI rESTINGE 

The skin testing with dust extracts, as well as with other p1 
ins, has been done with the seratch method | found that acti 
ust extracts give good skin reactions with this method, in many cass 

is large as the average pollen reaction Phis report of the ability 
obtain good reactions by the seratch method with dust extracts is th 
rst definite one in the literature to date. The intradermal test, as recom 
ended by Cooke, was used 1n the early testing with dusts, but I cam 
to the conclusion that the scratch test gave as satisfactory evidence 0 
dust sensitizatio1 Phe absence of all constitutional reactions, the eas 


and rapidity of testing, and the ability to test a patient with at least fifty 
proteins at a sitting, make me a strong advocate of the scratch methov 
In this work, the retesting of certain patients who fail to give expected 
reactions to dust extracts has resulted in positive reactions. As stated 


n previous articles, these skin reactions have been interpreted as positiv: 


when an erythema or an irregular wheal larger than the control reactiot 


is present. I feel that not all reactions indicate etiologic factors in thi 
allergic problem of the patient, but that such reactions must be cor 
sidered in the treatment until contrary proof is forthcoming 


BRONCHIAT ASTH M4 


luring 


ving the last vear I have tested 160 new patients with asthma in 
my private work, with stock house dust solutions. Positive reactions t 
their own, or more often to stock, dust extracts have been found in 
seventy-three of this group. Thus, 45 per cent of my series gave dust 
reactions as compared with 47 per cent reported by Brown and 57 
per cent by Meyer. My stock dust 13 gave positive reactions in 36 per 
cent of 122 patients tested, which compares with the reactions obtained 
by Cooke in 31 per cent of 327 cases tested with his dust 1. 

The results of the routine testing of seventy of these dust sensitive 
asthmatic patients, with usually more than 200 common proteins, are 
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given in table 3. These data are presented for comparison in the same 

rm as were similar data in a series of 234 patients *! with asthma in all 

ves and 110 patients '* with asthma in childhood and in young adult 
e, published in 1925. 

he data given in table 3 show that this group of dust sensitive patients 

about the same relative number of skin reactions to foods as did 

nts in the two previous series. The percentage of patients reacting 

| animal proteins and particularly to the feather, horse dander and 

wool proteins is much higher. The percentage of pollen sensitive 


ts in this series is higher by 20 per cent 


Ss Nan in my previous series 


results are probably due to the fact that I was dealing wit 


ic patients, all of whom were sensitive to inhalant dust proteins 


‘| whom gave skin reactions. The fact that 69 per cent of these 


1 ) Rea 5 ri 
i ; ! 
Patients Giving I tsG 
Reactions Re ( 
s N t ( Per ¢ } N l } ( 
Dust 4 
Feathers } 
Horse s 
Cat 
Rabbit s 
Sheep 
Silk 
Miscellaneous 
fotal anima ~ 
Orris root “ 
l'ree pollens 
Spring pollens 


rota! pollens 


ensitive asthmatic patients reacted to feather proteins, 41 per cent to 
dander protein, 26 per cent to rabbit fur protein, and 22 per cent 
heep wool protein, and the fact that other animal emanation proteins 
e many reactions make me feel that their reactions to house dust 
ht be due to dusts arising from certain articles of furnishing rather 
from some unknown source, as suggested by Cooke rhe tre- 
quency of pollen reactions suggests that certain house dusts may contain 
pollen. In fact, the dust reaction might be a summation one due to slight 
sensitizations to various animal emanations, pollens or other substances 
present in the same dust extract. 
lhe frequency of skin reactions to ten different house dust extracts in 
this series of seventy patients with asthma, as well as ina group of twenty 


patients with perennial hay-fever, is recorded in table 4. From this 


1]. Rowe, A. H.: The Treatment of Bronchial Asthma, J. A. M. A. 
84:1902-1905 (June 20) 1925. 
12. Rowe, A. H.: Bronchial Asthma in Children and Young Adults, Am. J 


Dis. Child. 31:51-57 (Jan.) 1926 
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table it is evident that certain dust extracts are more active in producing 
skin reactions than others. Out of this series of ten dusts, numbers 4, 
13, 14 and 16 gave a high percentage of positive results. As pointed 
out before in table 2, however, no one stock dust gives reactions in all 
dust sensitive patients. This indicates the necessity of using a numbet 
of active dust extracts and autogenous extracts, when indicated in the 
study of the patient with a history of susceptibility to house dust. 

lhe relative occurrence of dust sensitization according to age group 
in these series of patients is recorded in table 5. It is especially interest 
ing that 21 per cent of the patients with asthma were under 10 years of 


Paste 4.—Percentage of Positive Reactions to Ten Different House Dust Extra 
Seventy Cases of Asthma I'wenty Cases of Hay-Fever 
Number of Percentage Number of Percentage 
Number of Patients Giving Posi- Number of Patients Giving Pos 
YS vtract Reactions ested tive Reactions Reactions Tested tive Reactions 
20 6 19 a 17 9 
> 61 as 4 16 2 
} 65 6 17 18 
4 7 67 ” 10 18 55.5 
61 24.5 6 19 $1.5 
ie ) 4 19 21 
15 ‘ 42 4 18 22 
45 io] 78 8 18 +4 
4 3 4 6 17 sD 
2 44 17 18 
TABLE 5 ercentage of Dust Sensitive Patients with Asthma and Hay-Fe 


in Various Age Groups 


Seventy Cuses of Asthma Twenty Cases of Hay-Fever 


Number of Number of 


{ge Groups (Years Cases Per Cent Cases Per Cent 
0-10 15 21 3 15 
10-20 10 14 2 10 
0-50 37 3 14 70 
yes s ll l 


age. The occurrence of dust sensitization in childhood and in youth, a 
well as in old age, is definitely reported for the first time in this table 


It shows the importance of such sensitization and that no age is immune 


PERENNIAL HAY-FEVER 

The patient who has slight or severe symptoms of hay-fever through- 
out the year always has been a problem for the specialist. Walker, in 
1918, emphasized the importance of bacterial infection of mucous mem- 
branes as a cause of this trouble. In my experience, such bacterial 
infection, in the absence of sinusitis, is rarely the sole cause of coryza 
Sinusitis, especially of the antrum, may cause symptoms suggesting 
hay-fever, but the absence of allergy in the family and personal history, 
and the absence of itching and sneezing and of skin reactions, would 
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ndicate the absence of bacterial sensitization as a cause for nasal con- 
stion. Sinusitis complicating allergic hay-fever may at times require 
very for relief. Vaccine therapy probably helps to increase resistance 
such infection. 
patients who had perennial hay-fever, routine testing with stock 
autogenous house dust extracts has demonstrated that dust reac- 
s frequently occur in such patients and the definite importance of 
e dust in the etiology of this condition. | have tested such 
nts routinely with the proteins of all common foods, animal emana- 
pollens, orris root, and with several active dust extracts. The 
Its of the testing of twenty patients with all vear round hay-fevei 
viven in table 6. 
\n analysis of the skin reactions obtained in these patients who had 


nnial hay-fever and who were sensitive to house dust extracts indi 


6.—Occurrence of Skin Reactions in Twenty Dust Sensitive Patient 
with Hay Fev 


Patients Giving Patients Giving 
Reactions Reactions 
= = erm ansaid _ A e —e 
od Proteins Number of Per Cent Inbalant Proteins Number of Per Cent 
10 Dust 20 100 
10 Feathers le 65 
1 5 Horse t 30 
1 Cat { 20 
4 10 Rabbit l 
H 5 Sheep - 
Silk 2 10 
0 Miscellaneous 7 35 
5 otal anima! 17 85 
8 4 20 Orris root 2: 
tables 7 10 Tree pollen... 0 0 
iges ( 0 Spring pollen 14 7 
l ) Fall pollen & + 
food , 4 Total poller 15 7 


that sensitization to food and animal emanation proteins was about 
requent as in the series of dust sensitive patients with asthma. ‘The 
equency of pollen sensitization was greater than in the former series 
is is probably due to the type of hay-fever occurring in California, 
ere there is pollen in the air throughout ten months of the year 
wever, [| included in this series only patients who had all year 
und hay-fever, excluding the large number of purely seasonal pollen 
ses. In spite of this fact, the multiplicity of types and number of 
ensitizations in patients who have perennial hay-fever and who are 
sitive to house dust is demonstrated 
Single sensitization to orris root as a cause of perennial hay-fevet 
s occasionally encountered. However, most patients who react to orris 
root also react to other proteins. The fact that food sensitization mav 
also produce constant nasal congestion must be recognized. 
\n analysis of the reactions in this series shows that I could not 


be sure that dust sensitization alone was responsible for all the symp- 
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toms in any patient. Though the reactions to dust extracts in a few cases 
were stronger than those to other substances, each patient gave one or 
more slight or definite reactions to proteins other than those of dust 
lhus, certain patients with all year round hay-fever were pollen sensitive 
and other patients with symptoms indicating only pollen sensitization have 
heen found to have persisting trouble throughout the vear, and have given 
other reactions as well to dust proteins. Thus, to do justice to the hay 

fever patient who has even slight symptoms throughout the year, routine 
testing with a large number of proteins of all type should be done. 


TREATMENT 

House dust sensitization can often be controlled by a_ thoroug! 
cleaning of the living rooms, and especially the bedroom, of the patient 
[n most cases, furnishings made from animal hair and wool should be 
eliminated. Such procedure is usually effective if other sensitizations 
such as food or pollen, are adequately controlled. 

Those patients, however, who give marked reactions to house dusts 
may require desensitization to the active principles of several dusts 
order to protect them. In certain cases it may be advisable to extract 
the dusts of several different rooms or of the upholstery or mattresse 
in order to discover the actual source of dust sensitization indicated | 
history and skin testing. Treatment with such extract may then | 
advisable. The initial dose of a house dust extract should be 0.1 cc. | 
the dilution that just fails to give a skin reaction. In some cases, it hi 
heen necessary to start with a solution diluted 10, 50, 100 or, as 
two cases, 3,000 times. Spivacke reports two severe constitution 
reactions after the injection of 0.1 cc. of an undiluted extract. Suc! 
reactions must be prevented if possible 


VALU! 9 TESTING AND TREATMENT WITH HOUSE 


DUST EXTRACTS 
The main value of testing with dust extracts is in the indication of 

type of sensitization active in the etiology of the patient’s disease. Post 
tive reactions to dust extracts should also make one suspicious 0 
sensitization to other proteins, especially to animal emanation and pollet 
proteins, as demonstrated in the data in this article. Thus, the usual 
multiplicity of sensitizations in the patient with asthma or hay-fever 
must be kept in mind in the discussion of any one type such as 
| am considering here. House dust sensitization, however, is of 
great importance, and the positive dust reaction helps to demonstrate 
such sensitization to the physician and to emphasize the importance of 
the control of the house dust factor to the patient. I agree with 
Cooke and Meyer that such testing with dust extracts should be a 
matter of routine in all patients with asthma or perennial hay-fever. 
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The results obtained from the treatment with dust extracts are 
somewhat difficult to evaluate, since other types of sensitization were 
tally under control. However, my impression is that definite benefit 
was derived and that an attempt should be made to desensitize these 
patients with dust extracts to which they give strong reactions, especially 


ther skin reactions are small or indefinite. 


CONCLUSIONS 


[t has been shown that 42 per cent of a series of 162 patients with 

ma gave reactions to house dust extracts, and that twenty patients 
perennial hav-fever also gave such reactions 
. Dust reactions have been obtained in all age groups with the 
itch test. 
3. A large number of patients have a characteristic history of dust 
sitization. 

Ihe necessity of testing with a large number of stock and autog 
is dust extracts 1s demonstrated 
5. Dust reactions may depend on one substance or on a sum- 
tion of lesser reactions to several substances, such as animal 
nations, orris root, pollens, and various fabric dusts, and that the 
ssibility of an unknown specific substance in house dust is unlikely. 

Che data collected show that reactions to dust rarely occur without 
or more other reactions to proteins commonly used in testing. 
7. Desensitization to house dust extracts which give definite reactions 
the patient is probably advisable in cases in which a marked history 


dust sensitization is present 











[HE VALUE OF HISTAMINE AS A TEST FOR 
GASTRIC FUNCTION * 


H. L. BOCKUS, M.D 
AND 
JOSEPH BANK, M.D 


PHILADELPHIA 


Histamine (B-imidazolylethylamine ) is derived trom the amuno-aci 
histidine, an almost universal constituent of proteins. It 1s evolved | 
decarboxylation in an appropriate medium by bacteria. Koessler and 


Hanke have shown that certain strains ot Bacillus colt and other ba 


teria are capable of producing histamine from histidine in the presenc 
of an available source of carbon such as glycerol or glucose, plus 
source of nitrogen (potassium nitrate, ammonium chloride or both) 
the presence of oxygen. They believe that histamine is formed in tl 
bowel by bacteria in order to neutralize an excessive acidity produce 
from glycerol. These observers have shown that histamine is a norm: 
constituent of the cecum and feces of man in sufficient amounts to | 
dangerously toxic. The reason for the absence of toxicity is not estal 
lished definitely. Hanke and Koessler ' believe that histamine is rendere 
pharmacologically inert in its passage through the intestinal wall. It 
an exceedingly active substance physiologically, and when injected sul 
cutaneously or intravenously, causes marked fall in blood pressure, dil 
tation of the superficial blood vessels and marked increase in gastt 
secretion. If given in sufficient dosage, symptoms of shock will ensu 
The only action of histamine with which we are concerned at preset 
is its effect on gastric secretion. The manner in which gastric secreti: 
is stimulated by the amine is not settled. Rothlin and Grundlach ? mai 
tain that its action is caused by vagus stimulation. Koskowski an 
Popielski ® believe that it acts directly on the gastric secretory cells 
(jutkowski,* in seeking to explain the latent period of  stimulatior 
demonstrated that when histamine is slowly injected into the blood, 


produces gastric secretion. He further found a gastric response aftet 


* From the Gastro-Intestinal Clinic, Graduate School of Medicine University 
of Pennsylvania 


1. Koessler, K. I... and Hanke, M. T.: J. Biol. Chem. 39:497 (Oct.) 1919 


2. Rothlin, E.. and Grundlach, R.: The Influence of Histamine on Gastri 
Secretion, Arch. internat. de physiol. 17:52, 1921-1922 

3. Popielski, L.: Histamine as a Strong Gastric Stimulant, Arch. f. d. ges 
Physiol. 178:214, 1920 

4. Gutkowski, B Stimulation of Gastric Juice of Slow Intravenous Injec 


tion of Histamine, Compt. rend. Soc. de biol. 91:1345 (Dec.) 1924; Mechanism 
of the Action of Histamine in Promoting Gastric Secretion, Compt. rend. Soc. de 
hiol. 91:1349 (Dec 1924 
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BOCKUS-BANK—HISTAMINE GAST RI 


e subcutaneous injection of the drug into the posterior extremity of 
animal whose only communication with the rest of the body was 
scular. Ivy and Javois * have succeeded in producing histamine secre- 
in a “denervated” Heidenhain pouch, indicating that the mechanism 
secretion 1s not nervous. 
lhe effect of histamine on the human stomach was first observed by 
rnot, Koskowski and Liebert ° in 1922. On injecting from 0.75 to 1.75 
the drug subcutaneously, they observed an increase in the flow 
astric juice in from thirty to fifty-five minutes, with an absolute 
ase in free and total acidity and in proteolytic activity. Matheson 
\mmon ‘ observed the effect of histamine on twelve convalescent 
ents. They used ergamine acid phosphate, which contains approxi 
tely one third of the base histamine. One and five-tenths milligrams 
the salt was injected subcutaneously, and psychic stimulation was care 
avoided. They reported an increase in hydrochloric acid and in 
acid starting in fifteen minutes, the maximum increase not being 
hed until from one-half to one hour after the injection. The maxi- 
1 proteolytic activity as determined by the Mett method was reached 
ier than the high acid level. They report a marked decrease in the 
unt of stomach mucus after injection of histamine in cases in which 
cus was plentiful before the injection of this drug. This factor may 
uence the degree of acidity, according to these observers. 
Lim, Matheson and Schlapp* corroborated the foregoing observa 
s; they assert that histamine does not produce any direct effect on 
iary or pancreatic secretion. ‘They devised a method by which the 
vented the entrance of gastric juice into the duodenum or duodenal 
retions into the stomach. This observation was based on three 
es. Gumpertz and Voorhaus ® called attention to the value of his- 
mine as an agent of differentiating true from pseudo-achylia. They 
ected 1 cc. of a 1:1,000 solution of the base subcutaneously and 
ide extractions on the fasting stomach until the acid curve returned 
normal. They report a marked response in normal persons as well as 
persons with hypo-acidity. In a series of cases of supposed achylia 
strica, only 41 per cent turned out to be true achylia after injection 


histamine. Dobson '?° observed the effect of histamine in seventeen 


5. Ivy, A. C., and Javois, A. J.: Am. J. Physiol. 71:604 (Feb.) 1926 


6. Carnot, P.; Koskowski, W., and Liebert, E.: Influence of Histamine on 
e Digestion Secretion in Man, Compt. rend. Soc. de biol. 86:575, 1922. 
7. Matheson, A. R., and Ammon, S. E.: Effect of Histamine on Human 


stric Secretion, Lancet 1:482 (March 10) 1923 
8. Lim, R. K. S.; Matheson, A. R., and Schlapp, W New Gastro-Duodenal 
chnic, Edinburgh, M. J. 30:262 (July) 1923 


9. Gumpertz, L. M., and Voorhaus, M. G.: Action of Histamine on Human 
astric Secretion, J. Lab. & Clin. Med. 11:14 (Oct.) 1925 
10. Dobson, H. N.: Effect of Histamine on Gastric Secretion, J. A. M. A 


84:158 (Jan. 17) 1925 
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cases. The observations were made on fasting stomachs, and the secretion 
was analyzed up to one hundred and fitty minutes. He classifies his cases 
in three groups: (J) those in which hydrochloric acid is intermittently 
present, as shown by fractional analysis ; (2) those in which hydrochloric 
acid is absent, as shown by the fractional method, but in which there is 
a definite response to histamine, and (3) those in which hydrochloric acid 
is persistently absent, as shown by both methods. Recently Carnot and 
Liebert '' have advocated the superiority of the histamine test over the 
test meal for gaging gastric function. The absence of food prevents 
the fixation of the acid and ferment by the ingested protein. Their 
observations were made forty-five minutes after injection of 1 mg. of 
histamine. 
We have been impressed with the difficulty in the diagnosis of ach) 

lia and interested in the mechanism of its production. The fractional 


gastric analysis as outlined by Rehfuss has been a routine procedure i1 
our clinic for years. [ven following this method of analyzing gastri 
function, we have been confronted with a great many borderline cas¢ 
of achylia. In some instances a complete absence of mineral acid at 
enzyme was encountered, in others a transient trace of enzyme onl 
was present and in still others an occasional trace of acid and enzym 
occurred at one time, only to be absent at other times. 

In this report an effort has been made to study the effect of injecti 
of histamine on the gastric secretion when given simultaneously wit! 
the meal of bread and water. A comparison has been made betwee: 
the gastric secretory response following the ordinary fractional analysis 
and the response after injection of histamine plus the test meal. | 
hoth instances extractions were made every fifteen minutes for tw 
hours or until the stomach was empty. So far the reports on histamit 
are all based on an examination of the fasting stomach or one mad 
after a water meal. In this study 1 mg. (1 ce. of 1: 1,000 solution ) 
histamine (Hoffman, LaRoche) was injected subcutaneously after th: 
insertion of the tube and the evacuation of the residuum simultaneously 
with the ingestion of the meal. 


ACHLORHYDRIA 
Twenty-one patients with so-called achlorhydria were examined in 
this manner, and the comparative secretory response can be seen in 
table 1. These cases were classified as achlorhydria following the frac- 
tional gastric analysis because of the absence of mineral acid through 
out the two hour phase of gastric digestion. Ten patients were 
studied two or more times by the fractional method without the use of 


11. Carnot, P., and Liebert, F.: Test Meals and Histamine Test for Deter- 
mination of Secretory Activity of Stomach, Médecine 6:657 (July) 1925. 
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histamine. In thirteen, the stomach’s ability to excrete neutral red, after 
it had been injected either intravenously or intramuscularly, was tested 
The figures recorded in the table under hydrochloric acid and acid repre- 
sent the highest level of free acid and total acid during the test. The 
enzyme determination used was the simple milk test for rennet, a fif 
teen minute incubation period being followed. In the last column 
final classification of cases has been made, based on all three exami 
nations, that 1s, ordinary fractional analvsis, fractional histamine analysis 
and neutral red test: 

Group 1: True achylia gastrica, no hydrochloric acid or enzyn 
being present after ordinary fractional or histamine analysis, and absen 
of neutral red excretion by the stomach following its intravenous inje 
tion 

Group 2: Achlorhydria, no mineral acid after ordinary or histami 
analysis, but a trace of enzyme following the ordinary or histamine te 
or both. 





Group 3: Hypochlorhydria, reduced amounts of mineral acid at 
enzyme being present after injection of histamine. 

Of the twenty-one patients in whom hydrochloric acid was absent « 
initial examination, five gave positive tests for gastric ferment (cases 11 
124, 126, 127 and 136). In case 126, tree acid and ferment were abse1 
during two fractional tests, but a faint trace of rennet was present 
the third analysis. Almost invariably the enzyme in these cases wa 
present only toward the end of the examination, from one and one-hal 
to two hours after the meal. The literature contains innumerable cas« 
classified as achylia, based on a single extraction made anywhere frot 
one-half to one and one-half hours after a test meal. 

Two of the five patients mentioned in the foregoing (cases 124 t 
127) had hydrochloric acid on second analysis by the ordinary metho: 
This is not surprising, since the figures for total acid were unusual] 
high at the time of the first examination. These two cases were droppe 
from the achlorhydria group 2 to group 3 before the histamine test wa 
used. A high total acidity was also obtained in case 3 during the first 
analysis. The second ordinary test revealed an acidity of 20. The 
injection of histamine into these three patients (cases 111, 124 and 127 
caused a greater secretion of free and total acid, but they were dropped 
to group 3 before histamine was used. The fractional gastric analysis 
on two occasions in case 114 showed an absence of hydrochloric acid 
but a trace of enzyme. The injection of histamine did not cause any 
further response (no free acid was obtained). The neutral red test 
is of interest in this case. Injection of dye into the muscle did not cause 
any gastric excretion. After the intravenous injection of the dye, a 
trace appeared in the stomach. Although this case cannot be classified 
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me of true achylia, because of the presence of rennet, histamine did 
cause an acid response. This case remains in group 2. We think 
ossible that this patient had potential achylia. In cases 126 and 136 
re was free acid in the stomach after injection of histamine, but none 
ter the ordinary test. Injection of histamine dropped these cases 


1 group 2 


to group 3. The six cases under discussion do not belong 
e true achylia group 1. 
here remain fifteen cases which, after one or several fractional 
fuss tests, did not show any hydrochloric acid or rennet. Of this 
s, which was potentially classified as belonging to group 1, four 
nts (cases 112, 125, 132 and 141) gave a gastric response to hista- 
In case 125 there was enzyme after the injection of histamine 
no free acid. It was placed in group 2. Both hydrochloric acid and 
me appeared after histamine was used in the remaining three cases 
were lowered in the classification to group 3. The intravenous 
ral red test was performed in cases 132 and 141. ‘The dye appeared 


e stomach, confirming the histamine test. Five patients (cases 112, 





132, 136 and 141) showed hydrochloric acid response to histamine 

no acid was obtainable by the ordinary fractional method. In 

patient (case 125), rennet was present after injection of histamine 

both mineral acid and enzyme were absent after the Rehfuss test 

ting out with twenty-one cases which could have been classified 

ichylia gastrica by the factional gastric analysis as ordinarily per- 

ied (without enzyme determination), only eleven remain in that 

p, following injections of neutral red, histamine or both 

loubtedly, if one hour extractions had been practiced instead of the 

tional method over a similar period, a greater number of cases in 

ich achylia was suspected would have been encountered. In a large 

ber of our cases of hypochlorhydria there was neither acid nor 

euzyme one hour after the test meal was given. Table 1 demonstrates 

itly the value of repeated fractional studies, as the original diagnosis 

achlorhydria was discarded in six cases after a second or third test 
was made even before histamine was used. 


Only eleven cases 


53 per cent) withstood the critical studies to 


eliminate achylia gastrica. Injection of histamine did not produce any 


gastric response. Seven of the patients also received injections of neu- 
tral red, the dve not being excreted by the stomach. The neutral red 
determinations confirmed the histamine test in each case in which both 
were performed, with one exception (case 125). The dye was injected 
intramuscularly in this instance. It was not excreted by the stomach 
suggesting achylia, although enzymes were present after the ordinary 
and the histamine fractional test. This confirms our previous observa- 
tion that the muscular injection of neutral red in the prescribed dosage 
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is insufficient to cause it to appear in some stomachs even in the presence 


of slight secretory function.’* 


HY POCHILLORHYDRIA 


A similar comparison between the Rehtfuss test and the histamine 
injection simultaneously with the test meal was made in twenty-nine 
ases of hypo-acidity. The degree of free and total acidity throughout 
both tests 1s compared in table 2. The composite free and total acid 
curves of these cases have been drawn, with and without the use of 


histamine (chart 1). It will be noted that hyponormal cases as a group 


Parte 2—Comparison Between Average Acidity, for Each Fifteen Minute Extra 


n, with Ordinary and Histamine Fractional Gastric Analysis 





Minutes after Hydrochlorie Acid Hydrochlorie Acid Total Acid Total Acid 
Mea Ordinary Gastrie Histamine Gastric Ordinary Gastric Histamine Gastr 
Hypochlorhydria Group 
t oO. 1 
i { 
8. 199 
ti 7.7 24.7 
3 239 
K 1.8 b 
Ga > ¢ oF 
17.4 23.4 
Normacid Grou] 
7 16.( 2} 27.7 
6.8 ht 42 
+4 8.2 19 
r 7.0 4( 49.6 60.4 
7 2 40.¢ 1 60.0 
Ox 1).( 7 A Cr 53.5 
105 4.6 40 49 56.7 
a af 12.5 
iyperchlorhye 1 Grouy 
s 17.8 33.8 35.7 
( 1.6 4.4 46.4 
4. 45. 74.4 61.2 
tA j D6 75 70 
Be g 14 &: 68. 
A 49 7: 67.1 
1 16.7 59.4 64.2 79.0 
42.0 2.0 58.0 73.0 


have a much higher secretory response after the use of histamine than 
after the Ewald meal alone. The higher secretion level for free and 
total acid starts before the fifteen minute extraction and persists for 
two hours. The highest level of histamine response is obtained from 
forty-five to one hundred and five minutes after the injection in this 
group. In twenty-two cases a comparison has been made between the 
appearance time and the duration of acid secretion by the ordinary frac 
tional and histamine fractional methods (table 3). The average appear 
ance time of hydrochloric acid after the ingestion of the Ewald meal was 
forty-eight minutes. When histamine was injected with the meal, the 

12. Piersol, George Morris; Bockus, H. L., and Bank, J.: The Practical 
Value of Neutral Red as a Test for Gastric Secretory Function, Am. J. M. Sc 
170:405 (Sept.) 1925. 
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rt 1—Hypochlorhydria after injection of histamine. In these charts, the 
line indicates the free acid curve when histamine has not been injected; 
and circle line, the total acidity; the solid line indicates the free acidity 


e injection of histamine: the solid and triangle line, the total acidity 
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average appearance time was shortened to thirty minutes. The average 
duration of the secretion curve following the meal alone was fifty min- 
utes in this group as compared with seventy-eight minutes when histamine 
was injected simultaneously with the meal. Histamine in cases of 
reduced acidity causes the acid secretion to appear earlier and _ persist 
over a longer period. 

In seven cases of hypochlorhydria which were achlorhydric to ordi- 
nary fractional test, injection of histamine caused free acid to make an 
average appearance in forty minutes and to persist for forty-one minutes 
When these cases are compared with those included in table 3° wh 


“aBLE 3.—Hypochlorhydria: Comparison Between the Appearance Time and 
Duration of Acid Secretion During Fractional Gastric Analysts 
with and without Histamin 


Ordinary Gastrie Fractional with Histamine 


\ppearance Duration of Appearance Duration of 


Time in Secretion in Time in Secretion in 
Minutes Minutes Minutes Minutes 
0 30- 90 5 45-120 

iD 75-105 D 45- 90 
45 15- 60 5 45-120 
45 


45-120 
, ; 15- 90 
7 > | k 30-120 
75 12) 75 75-120 
") : 16 15-120 
105 105-12 i 30-120 
60-120 
30-120 
15-106 
30-120 
15-105 
15- 90 


Group average. 
were hypochlorhydric after ordinary fractional, a definite trend dow 
ward in secretion is noticed. The acid appears later and persists for 
shorter period in the former group (group 2 with ordinary fraction 
Here is further confirmatory evidence of the gradual gradation betwe 


normacid and achylia stomachs. 


NORMAL ACIDITY 
Eleven cases approximating normal gastric acidity were compared | 
a similar manner (table 2). Most of these cases were possibly below 
normal in acidity but were considered too high to be included in the 
hypochlorhydria group. A composite curve of acidity in this group 
(chart 2) reveals an increase in degree of secretion when histamine was 
injected at the time of ingestion of the meal. The appearance time of 
secretion was earlier and the duration of secretion longer when histamine 
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was used. However, the secretory response to histamine was not nearly 

so great as in the hypochlorhydria group. It would appear that as the 
mach secretion approximates normal, it responds less and less to 
stamine. Possibly it cannot secrete an acid greater than its high 
rmal level. 
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Chart 3.—Hyperchlorhydria 


HY PERCHLORHYDRIA 

Injections of histamine were given to eight patients who were classi- 
hed in the hyperacid group after ordinary gastric analysis. None of 
them had gastric stasis. No definite gastric pathologic change was diag- 
nosed in any case. It will be seen by consulting the composite curve 


(chart 3) that the secretion was not increased after the use of histamine. 
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In fact, the free and total acid line with histamine is below the line of 
the ordinary fractional except at one hundred and five and one hundred 
and twenty minutes after the meal. This seems to be in accordance witl 
Carlson’s contention that the stomach cannot secrete an acid of more than 


normal concentration 


CONSTITUTIONAL EFFEC 

We have not had any alarming reactions following the injection 
1 mg. of histamine. .\lmost invariably, the exposed parts of the body 
became red within a few minutes after the injection, and the blood 
pressure dropped on an average of 10 mg. of mercury. (ccasionally 
patient complained of headache. There was slight acceleration of t 
pulse rate. Only one patient, who had pernicious anemia, had a mor 
severe reaction, and it was not alarming. She complained of extrem 
weakness and depression which lasted for several hours. .\n interesti 
observation was made of the physiologic action of histamine on anoth 
patient. The injection of histamine was given when he was under 
influence of atropine mydriasis. Several minutes after the injection w 


given, his vision suddenly returned to normal 


SUM MARY\ 

\ comparison has been made between the ordinary fractional gast 
analysis and a fractional analysis of the stomach following injection 
histamine which was given simultaneously with the ingestion of t 
meal. This is the first time the effect of histamine on the stomach du 
ing the digestive phase with a carbohydrate meal has been studie 
Space does not permit a discussion of a clinical or etiologic considerati 
of achylia gastrica. We consider achylia a rare entity, although hyp 
chlorhydria and achlorhydria are encountered rather frequently. 

1. Only 53 per cent of the stomachs in which achlorhydria was diag 
nosed after the Rehfuss test failed to secrete gastric juice after injec 
tion of histamine. However, in six of the twenty-one cases the diagnos!s 
of achylia was discarded by repeated fractional tests 

2. The great bulk of literature on achylia gastrica is worthless. It is 


likely that only a small proportion of such cases which were reported 


previous to the last few vears were really cases of achylia gastrica. 


3 We believe that the diagnosis of achylia gastrica is impossible 
when the single extraction method is used. 

4. Ordinary fractional gastric analysis, including enzyme determi- 
nations as well as acid titration, if frequently repeated, probably will be 
a safe method of diagnosing achylia in most cases. However, there will 
remain a few cases in which acid or enzyme will not be found 
by this method, but in which there will be a secretory response to 


histamine. 
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5. In the present state of our knowledge of achylia, the diagnosis 
id better not be made definitely without confirmation by the histamine 
test. 


6. The failure of the stomach to excrete neutral red after its intra 


nous injection has proved equally reliable in the diagnosis of achylia 


uur hands 
7. In cases of hypochlorhydria injection of histamine caused 
efinite increase in the acidity throughout the period of gastric digestion 
the E-wald meal. It caused mineral acid to appear earlier and pro 
mged the period of secretion 
8. In cases of normal acidity, injection of histamine caused an eleva 
of the degree of acidity, but to a lesser extent than in ¢ 
luced gastric acidity 
9. In cases of hyperacidity, the stomach did not respond 
taneous injection of histamine 
10. Histamine proved safe in our hands, and 
stinct value in the differentiation between achylia and achlorhydria or 
ochlorhydria. 
11. We do not believe that injection of histamine with or without 
vater meal is in any way comparable to the fractional gastric analysis 
general test for gastric function. We believe with Rehfuss that 
fractional method vields information as to gastric work, and that a 
inite load must be imposed on the stomach in order to judge its 
ility to perform its function. The normal physiologic load is food, 
that substance must be used 1n order to get the maximum informa 
n concerning the secretory and motor function. We feel that the 
verformance of the ordinary fractional gastric analysis and the histamine 
istric analysis as described will vield more information than either 
one in stomachs with a low acidity, and that both tests should be made 


in such cases. 





THE COURSE OF HYPERTHYROIDISM UNDER 
IODINE MEDICATION * 


PAUL. STARR, M.D 


CHICAGO 


When 


the iodine remission in hyperthyroidism is complete, it 
one of t 


he most striking of therapeutic transformations. 
s now well known. 


The process 
During an investigation of this remission in 1923 
two other associated reactions of hyperthyroidism to iodine were 
noted; namely, the gradual return of the disease during continued 
iodine administration, when there was no operative intervention, and 
the sudden exacerbation after the iodine was stopped.  Repeate 
clinical experiences with these three phenomena have led to the impres 
sion tl form a sequence through which the disease will pas 
when the patient is treated with daily doses of iodine for a defimit 
period. This whole course cannot be experimentally studied in patient 
since it must be interrupted by thyroidectomy; but the regularity wit 
which recurrence and postiodine reaction occur when the opportunit 
arises leaves little doubt that they are constant phases of the effect 
iodine on the course of hyperthyroidism. The material covering these 
indesirable phases is necessarily limited to clinical mistakes, especially t 
those instances in which the actual course can be demonstrated 
determinations of the metabolic rate. 

Only one small part of this process, the iodine remission whi 
«curs during the first few days, is of any practical value. 


Ing 
ing 


The remai 
weeks under iodine medication and several weeks after the iodit 
is stopped are occupied by the reestablishment of the disease. Hence 
unless the remission is to be used as a period for operation, the admin 
istration of 1odine to patients with hyperthyroidism is without fina 
benefit, and usually harmful. Many of the patients coming to thi 
clinic have been given iodine for a long time, and thus the opportunity 
for the best preoperative preparation by the primary iodine remission 

*From the Medical Department of Northwestern University Medical 
Cases studied are from the services of Dr. Charles A. Elliott, Dr. Allen 
Kanavel and Dr. Harry M. Richter at the Wesley Memorial Hospital. 
1. Plummer, H. S.: Results of Administering Iodin to 
Exophthalmic Goiter, abstr. J. A. M. A. 80:1955 (June 30) 1923. Plummer, 
H. S., and Boothby, W. M.: Value of Iodin in Exophthalmic Goiter, J. Iowa 
M. Soc. 14:66 (Feb.) 1924. Starr, P.; Segall, H. N., and Means, J. H.: Effect 
of Iodin in Exophthalmic Goiter, Arch. Int. Med. 34:355 (Sept.) 1924. Cowell, 
S. J., and Mellanby, E.: Effect of Iodin on Hyperthyroidism in Man, Quart 
J. Med. 18:1 (Oct.) 1924. Fraser, F. R.: Iodine in Exophthalmic Goiter, Brit 
M. J. 1:1 (Jan. 3) 1925. 

2. Starr, P.; Segall, H. N., and Means, J. H.: 
thalmic Goiter, Arch. Int. Med. 34:355 (Sept.) 1924 


School. 
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is been lost. If the physician wishes to cooperate with the surgeon 
the treatment of patients with this condition, he should not administer 


dine as a cure. It cannot benefit his patient permanently. 


THE COMPLETE IODINE EFFECT 

(he typical complete course (as represented by the basal metabolic 
te) in all types of hyperthyroidism, when the patient is treated with 
v large doses of iodine in any form, is illustrated in chart 1. The 
cess consists of three stages: First, there is a remission of the 
ase; this has been found by many observers.’ Second, there is a 
irrence under continued iodine therapy.* Third, there is a postiodine 

tion consisting of a self-limited period of increased metabolisn 


which the rate returns to the level established before iodine was 
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art | The metabolic rate \ 

and after it is discontinued. It is assumed that the metabolic rat 
is about + 40 per ‘nt; the remission then occurs rapidly, and 
esented, is complete; the recurrence 1s more gradual; and aiter the 
ypped, there is a sharp self-limited period of increased metabolic rat 


odine reaction. The time periods given are only approximate 


Chart 1 illustrates the iodine action when fully effective. There ts, 
wever, every gradation of this effectiveness, from those cases 
‘+h the metabolic rate is entirely unchanged by the usual dosage of 
to those in which the disease seems to stop suddenly when 
line is administered. Occasionally, the recurrence seems long and 
gradual, only to be followed by the postiodine reaction when the iodine 
is discontinued. The postiodine reaction may be characterized by a 
degree of hyperthyroidism not present before the iodine was given 
occurs following remission and also after recurrence 


3. Starr, P.; Segall, H. N., and Means, J. H.: Effect of [odin in Exoph 
thalmic Goiter, Arch. Int. Med. 34:355 (Sept.) 1924. Cowell, S. J., and 
Mellanby, E.: Effect of Iodin on Hyperthyroidism in Man, Quart. J. Med 
18:1 (Oct.) 1924. Fraser, F. R.: Iodine in Exophthalmic Goiter, Brit. M 
2:1 (Jan: 3) 1985. 



































522 {RCHIVES OF INTERNAI MEDICINE 















THE IODINE REMISSION 





[In a previous paper,’ the frequency of occurrence of the iodine 
remission in a series of patients with hyperthyroidism was given as 
SO per cent; Plummer * had reported a similar and even greater fre- 
juency, but it must be emphasized that there will be great variation 
in the extent of remission. An analysis of thirty-six cases in which 
the patients were recently observed is presented in table 1. This group 
is unselected and includes patients with every type of hyperthyroidism, 
of widely different ages and with many varieties of pathologic changes 
in the thyroid gland. In eight (first two groups) or about one fourth 
of the thirty-six, there was little or no remission, while in twenty-eight 
(the remaining groups) or about three fourths, there was a reduction 


in the metabolic rate of 50 per cent or more. In cases showing littl 
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reduction of metabolic rate there is often a gain in weight and a slowing 
of pulse, with general clinical improvement indicating that there is a 
true remission, although of slight grade, in progress. Including  sucl 
cases, the frequency of remission is probably over 90 per cent. Since 
only thirteen, or about one-third of this group, have a_remissiot 
approaching normal, the postponement of operation in the hope of com 


plete reduction of metabolic rate must not be delaved after the average 


period usually necessary for induction of the iodine remission. This 
period has been shown to be from ten to fifteen days. Recurrence 
begins sradually after this. The total period of low metabolic rat 
varies from a few days to three weeks. The actual reversal of the 


remission probably begins immediately after it is complete. 








REMISSION NONEXOPHTHALMI(¢ HYPERTHYROIDISM 





IN 





IODINE 





It has previously been shown that the iodine remission occurs in 
cases of hyperthyroidism clinically described as exophthalmic goiter. 
From an analysis of recent clinical material, it is evident that cases of 


4. Plummer, H. S., and Boothby, W. M Value of Iodin in Exophthalmic 
Goiter, J. Iowa M. Soc. 14:66 (Feb.) 1924 
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perthyroidism of the chronic type, which are not exophthalmic goiter, 
ire also subject to the iodine remission. ‘This conclusion comes as a 
ult of using Lugol’s solution in preoperative preparation in every 
ety of hyperthyroidism, and it is evident that any distinction con 
ning the primary iodine effect is not to be made between exophthalmic 
ter, toxic goiter, or adenomatous goiter with hyperthyroidism. 


In table 2 the remissions in twenty patients wit] 


1 toxic goiter al 
omatous goiter with hyperthyroidism are classified on the. sé 


as in table 1. It is to be noted that five, or one-fourth, had a 


ssion of 25 per cent, or less, while fifteen, or three-fourths, had a 
ssion of 50 per cent or more. ‘Thus, the frequency and extent of 
ssions in this group 1s the same as for the unselected group and prac- 

the same as for the series of patients with exophthalmic goiter 
was reported previously 


ent of Reduction of 
¢ Rate, Pereentage 


typical 75 per cent remission occurred in the following case 
C. M., aged 46, had had slight enlargement of the 

there was a palpable nodule in the left lobe. Following an infection of 
eg two vears before entrance, she complained of weakness, 
ation. On examination, exophthalmos was not 
lation was present. The basal metabolic rate was 
en days, during which 20 minims of Lugol's 
the 


hy roid body for Se veral 


dyspnea and 
found, and auricular 
+ 38 per cent Aiter 
solution was given each 
oo e : wn tae + + . : ). ; 

rate was + 16 per cent, practically a complete remission. Pathologi 
after thyroidectomy was differentiated fetal adenoma of the thyroid 


(he other cases classified in table 2 are entirely analogous to this 
average age of the patients was 46 years; 


resent: 


exophthalmos was not 
cardiac symptoms were predominant; there were five patients 
1 auricular fibrillation ; pathologic reports are uniformly of adenomas 
adenomatous growth. 


In chart 2 are presented the metabolic rate curves of seven patients 
whose clinical history and physical and pathologic examination showed 
an adenomatous goiter with hyperthyroidism. The primary iodine 
remission occurred in all of these patients. The average decrease of 
metabolic rate under iodine was thirty points. As a result of this 
experience, the statement that the primary iodine remission occurs and 


may be complete in all types of hyperthyroidism seems justified. 
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ABSENCE OF IODINE REMISSION 

The converse of this is the fact that iodine, as used in this 
work, that is, in doses of trom 15 to 45 minims of Lugol’s 
solution a day, has occasionally failed to produce remission in every 
clinical type of hyperthyroidism. The data of a group of five patients 
with exophthalmos and hyperplastic thyroids have been published 
previously.” Although clinically and pathologically representative of 
exophthalmic goiter, they did not have the primary iodine remission. In 
a more recent study, the metabolic rate curves and the characteristics of 
patients with all types of hyperthyroidism who had only a 25 per cent 
remission or less, are shown in chart 3. The ages range from 38 to 
65 vears; the goiter was imperceptible in two, and had been present 
from three months to thirty vears in the others; the symptoms h 


heen present an equally variable length of time ; exophthalmos was abse 
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Chart 2.—Effect of iodine on metabolic rate in adenomatous goiter wit 











hyperthyroidism. Eight patients showed iodine remission: /, aged 46, dur 
tion of goiter not known definitely, duration of symptoms two years, exophthal 
mos not present, pathologic report; fetal adenoma; 2, aged 46, duration 
goiter ten years, duration of symptoms twenty years, exophthalmos not pres 
pathologic report: adenoma of thyroid; 3, aged 55, duration of goiter five years 
duration of symptoms five years, exophthalmos not present, pathologic report 
adenoma of thyroid; 4, aged 52, duration of goiter more than two years 
duration of symptoms five years, exophthalmos not present, pathologic report 
multiple adenomas; 5, aged 52, duration of goiter thirty-five years, dura- 
tion of symptoms five years, exophthalmos not present, pathologic report 
fetal adenomas; 6, aged 62, duration of goiter more than four years, duration 
of symptoms seven years, exophthalmos not present, pathologic report: degen- 
erating adenomas; 7, aged 62, duration of goiter three years, duration of symp- 
toms three years, exophthalmos not present, pathologic report: colloid goiter, 
adenomatous growth: 8, aged 52, duration of goiter not known definitely, dura- 
tion of symptoms two years, exophthalmos not present, pathologic report: colloid 
adenoma. Operation followed the last determination in all cases 
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ree, and marked in one; the pathologic change ranges from marked 

te hyperplasia to multiple adenomas. There would seem, so far as 

observations are concerned, to be no clinical or pathologic features 

cteristic of these processes which are resistant to iodine medi- 
as compared with those which yield to this therapy 

o summarize the data relative to the iodine remission: (a) A more 

50 per cent reduction of basal metabolic rate may be expected in 

three fourths of all patients with all types of hyperthyroidism, 

ling adenomatous goiter with hyperthyroidism, within fifteen days, 

from 15 to 45 (0.9 to 2.8 cc.) minims a day of Lugol's solution 


given: (b) in about one fourth or less of all patients with what 


vpe of hyperthyroidism, there will be less than a 25 per cent 


tion of metabolic rate; (¢) no clinical or pathologic characteristic 


cuishes these processes resistant to 1odine, as it is now used, fron 


which vield to iodine 





exophthalmos not present, pathologi 
on colloid thyroid ; aged 65, duration 
symptoms twenty years, exophthalmos 
adenoma of thyroid; 3, aged 41, duration 
ymptoms three months, exophthalmos 
d, moderate, marked; 4, aged 47, duration of 
toms two years, exophthalmos ++, pathologic report: diffuse adenomatous 


d goiter; 5, aged 39, duration of goiter ten years, 1f symptoms two 


exophthalmos not present, pathologic report: multiple colloid adenomas ; 
ged 40, duration of goiter not known definitely (small), duration of symptoms 


vears, exophthalmos ++ +, pathologic report: acute hyperplasia, marked 
ved 38, duration of goiter nine months, duration of symptoms nine months, 
h 


exophthalmos +, pathologic report: moderate and marked hyperplasia. [Lugol's 


solution, 10 minims (0.6 cc.) three times a day began on zero dine 
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RECURRENCE UNDER IODINE MEDICATION 


lhe demonstration that after the iodine remission, even though 


iodine is continued, there will be a more or less gradual and immediate 


return of hyperthyroidism rests on experimental results and_ clinic: 
experience. In the fall of 1923, a group of five patients at the Mass: 
chusetts General Hospital, who had had good remissions with iodine 
was again given this medication in order to determine the possibilit 
of continuous iodine control (chart 4+). At the end of the second 

third month, in all of these patients the metabolic rate was equal to tl 
rate before iodine was given. A subtotal thyroidectomy was ultimat: 
successful in all of them, so that the postiodine reaction could not 


demonstrated. Four months had been wasted in an unsuccessful attemy 
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Chart 4.—-Remission and recurrence under iodine. 


that recurrence always follows remission is not abundant. In clinics 
which iodine is used intelligently, operation interrupts hyperthyroidis 
before recurrence takes place. Occasionally, however, owing to a mis 


conception of the course under iodine, such a demonstration occurs. 


A recent case may be added to these. The metabolic rate of Mr. L. K. iel 
from +75 per cent to +11 per cent in fifteen days under the administration 
Lugol's solution. It was thought that the disease must have been abated per 
manently. The patient was discharged with orders to continue the same dosagt 
During the next six weeks, although he gained weight, the basal pulse rate 
rose from 65 to 100, and the metabolic rate readings were successively 
per cent, + 35 per cent, and + 47 per cent. It was evident that the disease 
recurred in spite of the continuation of iodine therapy, and without furthe: 
delay subtotal thyroidectomy was performed. 


Additional evidence in favor of recurrence during treatment with 
iodine is found in a study of the previous medication given to patients 
with hyperthyroidism who finally came to the hospital for thyroidectomy 
Of a recent series of seventy-five patients who were subjected to the 
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‘imal thyroidectomy, twenty-five had received iodine for from three 
eeks to nine months before entrance. Some of these are instances 
nduced iodine hyperthyroidism; most of the patients had the disease 
re the iodine was given. It is chiefly because of these patients, in 
mm the opportunity for the primary iodine remission had been passed 
use of the mistaken practice of their physicians or themselves, that 


report is published. A typical example may be cited: 


\I V. der W., aged 34, felt the onset of her second attack of hyper- 
idism six months before seeking medical attention. The metabolic rate 
nuary 15 was + 63 per cent; on March 25 it was +71 per cent; admin 
on of Lugol’s solution was started on March 27; on April 10 the rate 

15 per cent, and on April 20 it was + 13 per cent Although this was 
ptimal time for operation, it was decided to have the patient come to 


and the operation was postponed, although she continued to take 
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art 5.—Postiodine reaction occurring immediately after remission. Mrs. 
chronic hyperthyroidism, pathologic report: adenoma of thyroid 


\f 


ne until May 20. On May 29, the rate was + 52 per cent. The opportunity 
peration during the iodine remission, which in this case was nearly com- 
e, had been lost. 


| 


fo summarize: (a) Iodine cannot, as it is now given, control 
hyperthyroidism indefinitely. It should be used only for its primary 
effect; that is, as a preparation for operation. Recurrence follows 
remission, usually beginning within three weeks after the first admin- 
istration of iodine. 


POSTIODINE REACTION 


Still further proof that iodine does not cure hyperthyroidism is the 
phenomenon known as the postiodine reaction. Examples of this are 
umerous. It is well recoznized that if the medication is discontinued 
at the end of the remission, reaction to the original rate or even to a 
higher rate will occur rapidly. Hence, in clinical use the control by 
iodine must be continuous before, throughout and after the operation. 
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[n the case illustrated in chart 5, a remission in a patient with adeno 
matous goiter with hyperthyroidism had brought the metabolic rate in 
fourteen days from + 38 per cent to + 16 per cent; because of the 
severity of the cardiac condition, operation was postponed, and_ the 


lodine was discontinued; during the next twenty-seven days, the 


metabolic rate rose to + 60 per cent and then spontaneously fell to 
50 per cent. Another example is afforded by the course in the cas¢ 
of Mrs. M. F. The metabolic rate fell from + 82 per cent to -++ 21 per 


cent under treatment with Lugol’s solution, after which ligation was 
performed. lodine was then discontinued in order that the effect ot 
this operation might be observed. A postiodine reaction then occurre 
ith a rise of rate in ten d: from = 21 ner cent <p eee 
with a e Or rate in ten days trom ya per cent to oO pe Ce 
he pulse rate rising from 82 to 113 
It is not so well recognized that when iodine administration has be 


sociated with a recurrence or continuation of mild hyperthyroidism 





(nNart O rostiodin eaction aiter six months of 10d1n¢ Otte tachyvcal 


ind loss of weight Miss B. H., aged 18, pathologic report: acute Vp 





idism: imecorrect proce dure 


is without apparent effect, that if it is then stopped, a temporary exac 
bation of symptoms and rate occurs, which may be severe. Four exat 
ples of the postiodine reaction during recurrence or in the absence ot 
remission were given in the previous paper; ° two typical examples, 01 
studied deliberately, are given here. Furthermore, the crises illustrated 
in charts 8 and 9 are in accordance with the history of postiodine 
reactions. 

In the case illustrated in chart 6, the presence of mild hyperthy 


roidism was suspected because of tachycardia; without iodine the 
metabolic rate rose from + 8 per cent to + 27 per cent; then, with the 
mistaken idea that small doses of iodine would abort this mild attack, 
10 minims (0.6 cc.) a day of Lugol’s solution was given; at the end 
of six months, the rate of thyrotoxicosis was about the same. Todine 
was then stopped, and during the next fifteen days hyperthyroidism 


increased to such an extent that the basal metabolism rate was + 50 per 
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cent, the tachycardia over 130, and the weight gained during the pre 


ing six months was abruptly lost. The disease passed from a condi 
tion of partial control to one of unchecked activity 

\ young girl with a colloid goiter had been treated with iodine at 

e for two months (chart 7). When the patient entered the hospital, 

ol’s solution was ordered immediately, and with rest, the rate fell 

90 per cent to + 56 per cent; during the next two weeks no 

rial change occurred, although there was a marked gain in weight. 

as then decided to allow the postiodine reaction to occur in the 


that after it had run its course, an iodine remission could be pro 


When the medication was stopped, the metabolic rate rose du 





he next twenty-seven davs from + 56 per cent to 7+ per cent 
here was a corresponding tachycardia. The rate then fell spon 
usly to + 52 per cent; when iodine medication was again started, a 
ssion occurred; the rate dropped to: 23 per cent Subtotal thy 
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art 7.—Postiodine reaction at the end of recurrence Complete selt 

ted course of postiodine reaction shown. All three stages of iodine effect 

perthyroidism illustrated. Miss E. A., aged 16, acute hyperthyroidism, 
pathologic report: colloid goiter and hyperplasia 

roidectomy was then successfully accomplished. ‘This case constitutes 


further demonstration of the postiodine reaction, bringing out especially 
that it may occur even if iodine is at the time unable to lower the 
netabolic rate materially. 

\nother example illustrates the possibility of the postiodine reaction 
iter prolonged iodine control. On examination, Mr. G. D. presented 
marked exophthalmos, but a metabolic rate of + 12 per cent. He had 
received iodine for six months before this; it had been started as treat- 


men 


in acute hyperthyroidism. Unfortunately, the diagnosis was 

questioned, and the medication stopped; seven days later, the metabolic 

rate had risen to + 53 per cent, with corresponding tachycardia. 
[Experience with a case of induced hyperthyroidism described below 


indicates that the thyroid condition in iodine hyperthyroidism is not an 
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exception to this rule; postiodine reaction occurs when the iodine ts 
stopped, even when it has been responsible for the presence ot 
hyperthyroidism. It may be stated as a general rule, experimentally 
demonstrated and repeatedly observed, that when a patient with hype: 
thyroidism has received iodine medication, whether or not the remissior 
or recurrence is then in progress, an increase in metabolic rate and ar 
exacerbation of symptoms occur during the succeeding days or weeks 


when the administration of todine is suddenly stopped 


THYROTOXIC CRISES 
Perhaps the most dramatic use of iodine in hyperthyroidism is 
the control of severe thyrotoxic crises. It was for this especially th 
Plummer introduced the administration of large doses. If iodine 


used consistently and continuously before, during and after the ope: 
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Chart 8.—Control of thyrotoxic crisis occurring as a postiodine reactiot 
a patient with an adenomatous goiter with iodine hyperthyroidism. Mrs. M 


adenomatous goiter; gastric crisis. 


tive period, it is rare to see these crises. In two instances in whi 
iodine was not given postoperatively, crises occurred. Apparently, 
crises which are essentially postiodine reactions occur immediately after 
the operation. The optimal period over which to continue iodine medi- 
cation after the operation is not definitely known; it is about two or 
three weeks. Segall and Means’*® have shown that the immediate 
effect of subtotal thyroidectomy is complete in ten days. 

\ recent example of what Dr. Arnold S. Jackson has emphasized as 
iodine hyperthyroidism * is given in the following case (chart 8). It 
again shows the postiodine reaction. 


5. Segall, H. N., and Means, J. H.: Immediate Effect of Subtotal Thyroid- 


ectomy in Toxic Goiter; Daily Basal Metabolism and Pulse Observations, 
Arch. Surg. 8:176 (Jan.) 1924. 
6. J. Jackson, A. S.: Todine Hyperthyroidism, Am. J. M. Sc. 170:271 (Aug.) 


1925 
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Irs. M. S., aged 50, had vomited constantly for five days he complained 
dominal distress; she had lost 25 pounds (11 Kg.) during the previous 
nteen days. Until then, she had been taking iodine tablets because of difficulty 
llowing, said to be caused by an inward goiter; she had begun this treatment 
months previously Physical examination revealed an emaciate us 





exophthalmos not present; a slightly enlarged thyroid gland; a pulse 
00; weight, 101 pounds (46 Kg.) ; blood pressure, systolic 180, diastoli 
e basal metabolic rate was +54 per cent; the next day it was -+-66 p 
lhe patient was observed in the hospital for three days she vomited 
tly and was able to take only small amounts of liquid. She was then 
100 minims (6 cc.) of Lugol’s solution by rectum in two doses; and 


the next day, ten doses of 5 minims (0.3 cc.) of Lugol’s solutio1 
all of which she retained. During this day she did not vomit, and at 
od: on the next day she ate three meals, including meat, potatoes and 


pie Fiity MNS 3 cc Ol Lugol's solution Vere viven I thi 
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irt 9—Control of acute thyrotoxic crisis occurring as a postiodine rea 
fter complete remission. Large dosage of Lugol's solution 


| day; thus in forty-eight hours she received 200 minims (12 cc.) of Lugol's 


Two days later the metabolic rate was +27 per cent. Subtotal thyroidec 
tomy was later successfully accomplished. The pathologic report was “colloid 
with moderate diffuse adenomatous growth.” 


\ similar but more striking example of a violent thyrotoxic crisis 
occurring as a postiodine reaction may be cited in the following case: 


Mr. L. O., a young white man, was admitted to the hospital in a delirious 
ndition on June 16. The parents said that he had had a goiter for several years 


In February he became nervous, and his eyes began to bulge. It is evident from 
this history that hyperthyroidism was already in progress. A metabolic rate 
4 determination was made on May 17. This was +25 per cent. Five grains 


(0.3 Gm.) of potassium iodide was taken three times a day from May 18 until 
after the second metabolic rate measurement on May 28. This was —9 per cent 


The administration of iodine was then stopped. On June 13 the patient became 
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dizzy, had a headache and was nauseated. During the next three days, he 
became progressively more restless and_ irritable When first seen he was 
delirious and needed restraint. The pulse rate was 160 and the temperature 
104.5 F. The skin was hot, dry and dull red. The eyes were closed, but 
eyeballs bulged. There was diffuse, symmetrical, rapidly pulsating goite: 
having a thrill and bruit. The lungs were clear. The precordium was heaving 
the heart rhythm was regular; gross murmurs were not present. The abdom 
was normal; the bladder was distended. Two hundred and forty-five mini 
(15 cc.) of Lugol's solution were given by mouth during the first twenty 
hours; morphine was used to control restlessness; repeated ice packs rapid] 
reduced the temperature. Large quantities of orange juice, lactose and fh 
were given. After four days of delirium, the patient gradually became n 


et and at the end of a week he was completely rational. He then exhibited 
exophthalmos goiter which still had a bruit, and slight tachycardia; tl 
vas little tremor. On the ninth day, the first metabolic rate determination \ 
only 19 per cent The course and dosage of Lugol's solution is show: 


hart 9 


xs 
) 
= 

‘ 

h 

‘ 

b 
e 

BE 

3 


3° 
IColnplibtich of T 


pei me Set 1 sat tas Ro | 


c 
> RE 
hyroidgct omy 


Bf 
¢ 
as 

14 
‘ 
dectgmy! 


Hemithyr id 





a 


24 
of First Remissian Secpnd Remission, _ 


< 
6 
is 


2 ee ee 


OU, O bt 
Tuglsox tre 


pa 


Chart 10.—Severe hyperthyroidism; beneficial use of iodine in two peri 


Mr. G. E., severe exophthalmic goiter 


Apparently this young man had had mild hyperthyroidism, with an 
old colloid goiter; fifteen grains (0.9 Gm.) a day of potassium iodide 
produced marked complete remission to 9 per cent. The iodine 
medication was then abruptly discontinued, and postiodine reaction 
begun, in which the disease reached maximum severity. 

Lugol's solution can be given with benefit in the most severe cases of 
hyperthyroidism. The progress of the case illustrated in chart 10 is 
of interest. The first remission from + 132 per cent to + 55 per cent 
occurred in fourteen days. Because of operative difficulty, only hemithy- 
roidectomy could be performed. The patient was wisely discharged 
without iodine, since even though the postiodine reaction would occur, 
a second remission before the final operation might then be obtained. 
This proved to be the case. On return, the metabolic rate had risen 
from + 52 per cent to + 80 per cent, but on administration of iodine, 
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gain fell to + 28 per cent, with a fall of pulse rate from 135 to 100 
e pathologic report was, “Marked hyperplasia.” 
\ patient who had exceptionally severe cardiac dysiunction reacted 


to iodine, as indicated in chart 11. The gain in weight was not 


to edema. ‘The course of the disease in this patient was that of 
nomatous goiter with hyperthyroidism. ‘There was no definite time 
mset. For years the patient had had dyspnea on exertion, and 
ertension was marked. There was, however, a slight exophthalmos 
ission under Lugol’s solution was complete. Pathologic report 
“Fetal adenomas with beginning differentiation.” 
o summarize: (a) Postoperative thyrotoxic crises do not occur 
the administration of iodine is continuous during and for at 
ten days after the operative period; (/) in severe crises, large 


of Lugol’s solution are effective; (c) iodine has the usual action 








hart 11—Complete remission with excessive cardiac pathologic change 
L., chronic hyperthyroidism; fibrillation, pathologic report: fetal adenoma, 


not operated on, died 





hyperthyroidism, characterized by excessively high metabolic rate 
by severe cardiac disease. 
COMMENT 
If it is true, as the clinical data offered indicate, that 1odine does 
roduce a temporary remission in all varieties of hyperthyroidism, a 
similarity of essential pathogenesis in all these varieties seems probable. 


Viewed in this light there is no qualitative difference between the 





mechanism producing hyperthyroidism in adenomatous goiter and that 
in exophthalmic goiter. The obvious clinical differences are only sympto- 
matic, being dependent on difference in degree and in duration of 
hyperthvroidism. 

Furthermore, if it were true that there was an essential difference 
between the various clinical types of hyperthyroidism, it might be 
expected that one of these would be resistant to iodine. The reverse is 
true. No single type of hyperthyroidism is alone resistant. Patients 
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with all the varieties of hyperthyroidism that I have observed have 
failed to give the iodine remission, from those with cases characterized 
by exophthalmos and hyperplasia to those with cases characterized by 
adenomatous goiter 

In relation to the induction of hyperthyroidism by iodine, it may 
be stated that in an examination of 125 patients with hyperthyroidism 
who had been given iodine, not a single instance of immediate increas 
in symptoms was found. On the other hand, under prolonged adminis 
tration increasing symptoms were the rule, and postiodine reactions 
were common. One way in which iodine appears to induce hype 
thyroidism is by suppressing temporarily an already present diseas 
(remission), even though mild and associated with an adenomatot 
gland (6, chart 3); the gland then forces a return of the primar: 
condition (recurrence) perhaps even in more severe form (4, chart 6 
When the iodine is stopped, there is a rapid flourishing of the disea 
( postiodine reaction, chart 10). 

Krom the experiments of Starr, Segall and Means* on thyroi 
feeding, and on injections of thyroxin by Sturgis‘ in relation to tl 
site of action of iodine, it seems evident that the inhibiting actio1 
takes place in the thyroid gland and not in the general body tissue 
This is further supported by the recent successive removals of thyroid 
tissue in patients with hyperthyroidism under iodine medication b 
Rienhoff.® 

The deductions in regard to administration of iodine in hype 
thyroidism, to be made from the clinical data illustrated, are as follows 

1. If operation is to be performed, iodine should be administered a 
described, for from ten to fourteen days, with the hope that a remissio: 
will occur. 

2. If iodine medication is started, it should not be discontinued unt: 
the immediate effect of subtotal thyroidectomy is complete.° 


3. If iodine has been administered for a long time before observa 


tion, (a) it should be continued in order to prevent the postiodin: 


reaction ; this is true even if iodine is held responsible for the existence 
of the present hyperthyroidism; or (b) the administration of iodin: 
may be stopped, the postiodine reaction allowed to pass and _ iodin« 
again given in the hope that a remission will then take place. 

4. If a severe thyrotoxic crisis is present either before or afte: 
operation, relatively enormous doses of iodine are indicated. 


7. Sturgis, C. C.: Personal communication to the author. 

8. Rienhoff, W. F., Jr.: Histological Changes Brought About in Cases of 
Exophthalmic Goiter by the Administration of Iodine, Bull. Johns Hopkins 
Hosp. 37:285 (Nov.) 1925 
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CONCLUSION 


(he course of hyperthyroidism under iodine medication is character- 
by remission and recurrence during the administration of iodine 


by a reaction, which may be extreme, after the iodine is dis- 


nued; hence, the prolonged treatment of patients who have hyper- 


idism with iodine in dosage sufficient to produce these effects is 


ut final benefit 











CARDIAC CHANGES SUBSEQUENT TO EXPERI- 
MENTAL AORTIC LESIONS * 


WALTER J. MEEK, Px.D 


J. HODGES, M.D 


MADISON, WIS 


In an attempted analysis of the complicated conditions tound 
organic heart disease in man, studies of experimental lesions in the 
laboratory animal are of recognized value. The great value of th 
experimental procedure is the production, at least initially, of a single 
restricted lesion, a knowledge of the date of its incidence and the poss 
bility of subsequent unrestricted observation. Although a large amount 
of work has been done in studies of both the clinical condition occurring 
in man and the functional and anatomic sequences of experimental 
lesions, we are far from a satisfactory understanding or agreement 11 
regard to certain of the most fundamental questions. Two of the mor¢ 
important of these considerations are the cause and progress of tl 
hypertrophy of the cardiac muscle which accompanies most cases « 
organic heart disease and the alterations. frequently observed in the 
electrocardiogram in clinical cases. The series of experiments described 
in this article was undertaken with the hope of adding to the knowledge 


concerning these two particulars. 


SIZE OF HEART IN AORTIC STENOSIS AND REGURGITATION 

Rosenbach ? produced aortic regurgitation and, in a few instances 
mitral regurgitation in rabbits and found evidence of dilatation and 
subsequent hypertrophy. The hearts were observed beating in situ, and 
measurements of the thickness of the ventricle were made and compared 
with those of normal controls. Muller * came to similar conclusions by 
comparisons of heart and body weight. Romberg and Hasenfeld 
recorded a heart weight body weight ratio of 0.00219 in rabbits with 
aortic regurgitation as compared with 0.00195 in a series of controls. 
The left ventricle was the seat of the principal hypertrophy as deter 
mined by the comparative weights of the two ventricles. The right ven- 








*From the Physiological Laboratory of the University of Wisconsin. 


1. Rosenbach, O.: Artifizielle Herzklapenfehler, Arch. f. exper. Pathol. u 
Pharmakol. 9:1, 1878. 

2. Muller, F.: Die Massenverhaltnisse des menschlichen Herzen, Hamburg 
and Leipzig, 1883. 

3. Romberg, E., and Hasenfeld, A.: Ueber die Reservekrait des hyper- 


tophischen Herzmuskel, Arch. f. exper. Path. u. Pharmakol. 39:332, 1897. 














le was involved only in high grade insufficiency. 


ide bv us. 


5. Wolfer, P.: 
‘zens, Arch. f. exper. Path. u. Pharmakol. 68:435, 1912 
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Stadler * studied 


iearts of four rabbits with aortic regurgitation, two with aorti 


sis and six with tricuspid regurgitation. The duration of the lesion 


d from thirty to one hundred and seventy days. In each case, heart 


ht body weight ratios, weight of auricles, ventricular septum and each 


tricle were given and compared with those of normal rabbits of the 


weight. In aortic stenosis and regurgitation the greatest 


body 
ise in weight occurred in the left ventricle and septum, although 


inimals showed an increase in the right ventricle and auricle as well. 


the animals with tricuspid regurgitation, the right ventricle was larger 


1 


the left ventricle definitely smaller than those of the controls. On 


ogic examination, evidences of hypertrophy in the former and of 


hy in the latter were found. Wolfer® obtained a heart weight 
weight ratio of 0.00209 in a group of normal rabbits, and ot 
275 in seven animals after aortic stenosis. All of the latter exceeded 
ormal average, and two, the normal maximum. The ratio between 
veight of the left and the right ventricles was 1.7 in the normal 
and 1.86 in the series of aortic stenosis. He also studied the 
of seven animals with aortic regurgitation and found a _ heart 
body weight ratio of 0.0021 and left right ratio of 1.82 


ephake ® found only slight variations in the weight ratios in four 


ts with aortic regurgitation as compared with those of ten controls 


itt‘ studied experimental aortic regurgitation in twenty dogs and 


pared weight ratios with twenty controls. Heart weight body weight 
in the aortic regurgitation series was above the normal average in 
He found 


the 


1e other chambers 


er cent and above the normal maximum In 85 per cent. 


he hypertrophy affected all chambers of the heart, although 


ventricle increased in absolute weight more than tl 
ertrophy developed with surprising rapidity, being evident within a 
Herrmann * 


Nas 


< after the production of the lesion 
| 


hed extensive series of measurements of heart weight in normal 


more recently 
and in dogs with experimental aortic regurgitation. He compared 
rt weight body weight ratios and the relative weights of the two 
His principal results are 


ricles to body weight and to each other. 


ummarized in table 3 and are compared with similar determinations 


In seventy dogs with aortic regurgitation, all but four 
4, Stadler, E.: 


Deutsches 





Experimentelle und histologische Beitrage zur Herzhyper 
Arch. f. klin. Med. 91:98, 1907. 


Experimentelle Studien zur Reservekraft des hypertrophischen 


ic, 


6. Schliephake, E.: 
und Hypertrophie des linken Herzens, Ztschr. f 
/. Stewart, H. A.: An Experimental Contribution to 


Die veranderung des Ek nach kiinstlichen Aorten insuf- 
klin. Med. 97:96, 1923 


the Study of Cardia 


Hypertrophy, J. Exper. Med. 13:187, 1911. 
Herrmann, G. R 





8 Experimental Heart Disease, Am. Heart J. 1:485, 1926 
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exceeded the normal average heart weight body weight ratio established 
in 200 normal dogs, and fifty were above the upper normal range. In 
the relation of the weights of the two ventricles (left right ratio) there 
was evidence of preponderant hypertrophy of the left ventricle. All but 
five hearts exceeded the normal average ratio, while forty-three exceeded 
the upper normal range. In contrast to Stewart’s ° results, Herrmann 
did not find any evidence of hypertrophy in less than nineteen days. The 
maximum hypertrophy was obtained in approximately one hundred and 
ten days 
METHODS 

In the present series of experiments the progress and extent « 
cardiac enlargement following experimental stenosis and regurgitatio: 
in dogs were studied by the determination of the area of the roentgen-ray 
silhouette of the heart taken at a distance of | meter from target to film 
and correcting for distortion. Extensive experience both in the expe 
mental animal and in man has shown that the area of the frontal plan 
silhouette is the most accurate and reliable of the various possible mea- 
surements of the heart shadow. The dog’s heart is suspended in tl 
chest wall above the level of the diaphragm, and a clear outline, including 
the lower border is obtained, which makes the determinations of the area 
of greater accuracy in dogs than in man. Repeated observations in th 
same animal in this and preceding work in which this method was us« 
have assured us of the remarkable constancy of the area of the cardia 
silhouette in the same animal under the same conditions at differe 
times. Such variations and errors in measurement fall well within 

5 per cent range. The roentgenographic method has the advantag 
that there is the possibility of numerous observations during the progre 


—~ 


of the condition as compared with a single terminal observation when tl 
weighing method is employed, and that a normal is determined in eac 
animal rather than an average curve with variations established from 
large number of animals. The method of comparative weight appears 
to have the inherent disadvantage of a wide range of normal variations, 
especially in dogs. This is true in a single series made on animals pre 

sumably derived from a restricted territory and measured by the sam 
technic, and becomes greater when the standards established by differ 
ent observers are compared. In Herrmann’s extensive normal series, 
the heart weight body weight ratio and the left to right ventricle weight 
ratio vary through a + 25 per cent variation and a + 17 per cent to 
— 25 per cent variation, respectively, from the average figures. Accord 
ing to this standard, it would be possible for a left ventricle, initially at 
the lower limit of normal, to increase 50 per cent of its original weight 
before passing the upper limit of normal, assuming that the right ventri 
‘| 


cle remained unchanged in weight. The principal disadvantages of the 


roentgen-ray method are that it does not distinguish between dilatation 
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hypertrophy, and that it fails to show with accuracy which part of 
eart is most affected. We have also made observations of the termi- 
veight in ten animals in the stenosis series and in eight in the regurgi- 
1 series, 
ie first series of experiments comprises nineteen dogs in which an 
stenosis was produced by a constricting band. ‘The third or fourth 
the right side was resected under insufflation anesthesia, the peri- 
um opened and a band placed around the aorta immediately above 
ives. The band was tightened until the vessel was obviously com- 
ed and a distinct thrill developed on palpation. Metal bands of 
num or German silver were used at first, but it was found that 
had a tendency to erode the walls of the aorta, and elastic bands 
employed subsequently. Ligatures of catgut were used in a few 
riments but seemed to possess no advantage. Attempts were made 
duce stenosis in twenty-eight animals. Two died from difficulties 
intered in the operative procedure, one died from pneumonia on 
nth day following the operation and seven died within a period of 





six hours to sixteen days following the operation, apparently as a 

of too great a constriction of the vessel; autopsy, at least, failed to 

any other cause of death. Eighteen animals recovered completely 

the immediate effects of the operation and were observed for 

ds varying between twenty-eight and one hundred and forty-eight 

’ ( \ roentgen-ray determination for the size of the heart and electro- 

ograms of the three standard leads were made before and at varying 

ds subsequent to the operative procedure. In most cases two leads 

recorded simultaneously to insure more accurate estimation of the 

ical axis. At the end of the period of observation the animals were 

. autopsy was performed, the position of the band was noted and 
presence of a constricted orifice was verified. 

fifteen dogs, experimental aortic regurgitation was produced by 

ntroduction of a valvulotome through the right carotid artery. In 

it two animals one valve leaflet alone was cut, in two (nos. 25 and 

26) two valve leaflets were bisected. Roentgen-ray and electrocardio- 

graphic observations were made as in the stenosis series. The periods 

f observation varied from seventy to two hundred and ten days. 


EXPERIMENTAL WORK 
Experimental Aortic Stenosis —So far as we know, the only pre- 
vious experiments of a similar type in this lesion is the series of seven 
rabbits of Wolfer® and the two rabbits of Stadler * with observations 
for terminal weight. The roentgen-ray results for area and terminal 
weight in the present series of experiments are summarized in table 1. 
The figures following the column recording the day of observation give 


the area of the cardiac silhouette expressed in square centimeters. Exam- 
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tion of these data shows that there was little or no apparent change 
in cardiac size 1n five experiments, while a definite increase occurred in 
remainder. The average for the whole group was an increase of 
5 per cent of the original area. The greatest increase observed was 
per cent. The final column of the table gives the average percentage 
ease above the normal at different periods subsequent to the opera 
procedure. ‘These figures were obtained by determining the pet 
age change in each case recorded on the days noted and making an 
hmetic average. A marked cardiac enlargement was noted in three 
our animals observed immediately after the operative procedure 
believe this represents an initial dilatation from which the heart may 
] It 


ally or entirely recover before hypertrophy begins shows more 


ra 2— Aortic Regu 
‘periment ) ( - 1 2 ; Ss , 2 Aver 
operation 69 5 ‘ 7 r ) 0 4 = i j ’ $4 
peratiol 7 G7 ( 5 2 44 & l 
« 74 s 6 +2.1 
ys th 4 , é $4 2.5 
ys 6 7 l $9 8 1.4 
ys 4 7 7 4 t 1.7 
ys 7 t y 4 2 
ys 69 62 7 , 17 ) 
s 7 ) 8.9 
vs 7 ) 7.8 
ys Of 7 19 5.9 
vs 7 15.2 
vs ‘ 62 18 
vs » Fy r 
ys ( (i 
ys si) ) » {is vr 7 
ivs . ; So a) | SU 
ys 4 4 
Vs. “4 7 
nt change ir 
» _ 6 1 } l ) rT { 1 2 
I weight 14.4 12.7 14.2 11.9 13.2 9.0 9.06 ) 
H WwW S62 85 m1 8 7416-93. S19 7R4 859 
\ BW 753 718 SOR 77 602 796 7 661 > 
LVW/BW 102 408 SIT 445 352 461 Af 412 7 425 
LR 1.17 1.32 1.77 1.40 1.41 1.31 1.34 1.6 i 1.41 


clearly in the larger number of animals observed at this stage in the 
aortic regurgitation series. In one animal (exper. 1) continued dilata 
tion occurred, and the animal died on the sixteenth day. The subsequent 
enlargement, to be interpreted probably as hypertrophy, develops slowly 
in nost animals and appears to be usually complete at approximately the 
sixth week. 

Experimental Aortic Regurgitation—Data concerning roentgen-ray 
areas and observations for terminal weight in the aortic regurgitation 
series are presented in table 2. Previous roentgen-ray studies in this 


condition are those of Sands,® Bazett ?° and Herrmann.* Sands emploved 


9. Sands, J.: Chronic Aortic Regurgitation in Dogs, xi Int. Physiol. Congress, 
Quart. J. Exper. Physiol., suppl. vol., 1923, p. 215. 

10. Bazett, H. C.: Further Observations on Experimental Aortic Regurgita 
tion, Proc. Am. Physiol. Soc., Am. J. Physiol. 72:201, 1925 











short exposures (from one seconds ) in which the incidence in the 
relation to the phase of respiration were determined 
and respiratory records Immedi 


the tesion, 


up to two weeks following t 


earmts 


bazett 
Herrmann noted 
} x ] sense 
owed evidell 
he does not 
normal < } Sal riven in the 
arted 1n | Os SHOWRC al 


followins In two ot the 
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urgitation 


remained It seemed possible that heart rate changes following t 
operative procedure might be of importance in this connection, Meek 
has shown that'the size of the dog’s heart is little affected by moderat 
changes in rate, but that it rapidly decreases in size with a fast rate. 

the six hearts showing initial enlargement (19, 20, 21, 22, 25 and 26 
heart rate was higher after operation (average percentage increase « 
67 per cent) than before in four (19, 20, 23, 25), unchanged in one (21 
one (22). The 


(22 


and slightly decreased in rreatest initial enlargement 


observed (exper. 20) was associated with a. 


‘ 
S 
> 
d. 


3 per cent increase in hea 
) 


In the two hearts failing to show initial enlargement (23 and 24), 


rate. 
the heart rate increased in the former 51 per cent, and in the latter 
decreased 17 per cent as compared with the rate before operation. It 
seems difficult to associate any change in cardiac area observed with 
changes in heart rate. From the average figures it appears that a second 
period of enlargement follows the first after approximately two weeks, 


11. Meek, W. J.: Effect of Changes in Pulse Rate on Diastolic Heart Size, 


Am. J. Physiol. 70:385, 1924. 
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j 


continues at first rapidly and then more slowly to beyond the hun 


Ith day. The most probable explanation of the 


enlargement is an initial cardiac dilatation. 
st Cases appear to regain their normal tonu 
ment caused by hypertrophy 


} } 7 


{}) I} pe ment 


‘aser '- recorded the electrocardiogra 


rabbits’ hearts produced by the injection o spartein 
hydrochloride Dilatation of the right side of the 


by roentgen-ray observations, produced increase of the 
. , - 44 1c 1 ‘ 
>» of the S wave Dilatation ot the left side produced 
both sides were dilated, no change Was observed 


epnake recorded lead Ii from four rabbits with experimental 


regurgitation. © and R increased, especially the former. The 1 
rst decreased and then increased as the hypertrophy developed 
found that preponderance in the left ventric! as not present 


} } 


l hypertrophy developed as a result ot aortic regurgitation. 


| an increase in © and R waves and a reduction or disap- 
of the S wave in all leads, while the duration of the ORS 
was increased. Herrmann ® stated that 


of the seventv dogs with aortic regurgitation in his 
anv significant changes (left preponderance ) his occurred 
e dog showing the greatest relative hypertrophy ot 
clinical aortic regurgitation preponderance 
more frequently than in the normal heart 
regurgitatio! ith no history or present 
preponderan f the left ventricle was 
] | yf 100 
nteresting to know whether this tendency 


late change in the progress ot the 


O1 


yrtant to determine by detailed studies of {frequent electrocardio- 
ams whether or not any changes occur which are characteristic of 

dilatation or hypertrophy. 

‘lectrocardiograms were made by the standard three leads in all 
mals in both the stenosis and regurgitant series whenever roentgen- 

ibservations were made. In most cases two leads were recorded 
iltaneouslv to insure greater accuracy in measuring the electrical 


been further analvzed respecting possible 


‘le. These curves have 

in heart rate, PR, ORS and RT intervals and QO, S and T 
ves in the different leads. The relationship between changes in rate 
d changes in PR interval were inconstant and apparently were not 
12. Fraser, F. R.: Changes in the Electrocardiogram Accompanying Experi 
ntal Changes in Rabbits’ Hearts, J. Exper. Med. 22:292, 1915 
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significant. ‘The ORS interval was unchanged or slightly decreased in 
66 per cent; increased in the remainder. The former showed an average 
terminal cardiac area of + 14 per cent, as compared with + 6 per cent 
in the latter. It is well known that in clinical hypertrophy the ORS 


interval is frequently increased, especially in the presence ot left axis 


deviation. Our results would indicate that this is not a change charac 


teristic of early hypertrophy. The RT interval, as an approximate 
measure of ventricular systole, is of interest. It was definitely increased 
in 55 per cent, and unchanged or slightly decreased in the remaindet 
ferminal cardiac area was increased, 11 per cent in the former group 
14 per cent in the latter. There thus does not seem to be an associatio1 
between the length of systole, as thus estimated, and the extent o 
hypertrophy. ‘The electrical axis was within its normal range at the 
initial observation in all experiments in both series except 1n one instance 
Phe animal in experiment 32 showed a deviation of the right axis o 

178 degrees, practically unchanged at the terminal observation in thi 
animal. Deviation of the axis seems to be rare in normal dogs as com 
pared with human beings. The average normal angle was + 64 in thi 
stenosis series and + 58 in the regurgitation series. The range in the tw 
series (excluding the one case of right axis deviation) was from + 37 
to + &2. The average angle in the stenosis series showed a tendency to 
shift to the left (from + 64 to + 47) at the terminal observations, but 
practically no change occurred in the series of aortic regurgitatior 
Changes in the QO, S and T waves in the three leads were inconstant and 
apparently without significance. In the stenosis series the sum of th 
() waves in the three leads increased in 45 per cent and decreased in 45 
per cent. The S waves increased in 33 per cent and decreased in 45 pe 
cent. The duration and size of the T wave in the different leads in 
normal dogs is extremely variable and inconstant. TT! and T°’, as wel 
as T° negativity are common, and changes occur from time to tim 
in the same animal without apparent cause. The T wave in the dog fail 
to have the clinical significance which it appears to have in man. Equally 
inconstant and insignificant changes occurred in the animals with experi 
mental stenosis and regurgitation. 

The degree of cardiac dilatation and hypertrophy encountered 
dogs as a result of experimental aortic lesions thus fails to produce any 
significant change in the electrocardiogram. In order to determine 
whether or not extreme grades of dilatation in an otherwise normal 
heart showed any important changes, five additional experiments were 
performed. In four dogs, acute and massive dilatation of the left ven 
tricle was produced by transient occlusion of the descending thoracic 
aorta, and in one dog similar transient dilatation of the right ventricle 
was secured by the rapid infusion (200 ce. within ten seconds) of 


physiologic sodium chloride at body temperature through a large cannula 
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he jugular vein under a pressure of about 80 millimeters of mer 





( In the former experiments, the aortic ligature was laid afte 
resection of the rib, and the thorax was closed and normal respiration 
reestablished before the experimental procedures were performed 
Electrocardiograms from the three leads were made in two experiments 
by three galvanometers recording simultaneously. In the three other 
experiments, two leads only were recorded. Carotid blood pressure was 

recorded. The changes in the electrocardiogram resulting from 


occlusion with dilatation of the left ventricle or rapid venous 


ion with dilatation of the right ventricle were practically negligible 
: only effect observed was a slight transient increase in PR and R14 
vals. Figure 2 is the electrocardiogram made during a period of 


occlusion. In two dogs, the same procedure was carried out after 


roduction of an aortic regurgitation, with identical results 








» » 


ig. 2—The electrocardiograms (lead 2 upper, and lead 3 lower curve) dur 


temporary occlusion of the descending aorta in a dog. Onset of occlusio1 
ed by rise of marking pen; time in one-fifth of a second intervals 
‘ I 





Terminal Heart Weight Determinations in Stenosis and Regurgita- 


tion.—Determinations of heart weight from ten experiments in aortic 


S 


tenosis and eight experiments in aortic regurgitation are given in tables 
? 


and We have, in addition, made similar determinations on seven- 


en normal animals, and while this series is small compared to Herr- 


nann’s data, it represents a normal established under the same conditions 


nd with the same technic as that of the abnormal animals. The technic 


of separating and weighing the two ventricles was essentially that of 
Herrmann’s. Comparisons of the normal animals with the more impor- 
tant measurements in aortic stenosis and regurgitation are given in 
table 3. It will be noted that our figures are in most cases lower than 
those of Herrmann, both for the normal and for the abnormal series, and 


that less striking differences are established. Probably the two most 
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int Measurements are the ratio of body weight to weight 
eft ventricle (LVW/BW ) and the relative weights of the tw 
cles (R’L). In the former case, the averages of the two abno 
series exceed the averages of both normal series, but are definite 
that of Herrmann’s series of aortic regurgitation In t 
et umals with stenosis or regurgitation, all exceeded our avera 
eure, and twelve exceeded Herrmann’s normal average 
let tio in our series, however, fails to indicate preponde 
OD of the lett ventricle 
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} in re 
unchanged a 


in dogs he found the output practically . 
of the production of aortic insufficiency, and concluded that 
tation of blood was negligible, amounting at the most to a fracti 
‘ubic = centimeter [he hypertrophy of the left ventricle w 

explained on increased diastolic tension caused by transmission of aorti 
re. This view has also been supported by Zollinger '* frot 
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percentage reductions for minute volume were 17 per cent, 35 
112 ; ) : ~2 y 110 ; 
nd 13 per cent before and 62 per cent, 99 per cent and IS pe 


ter. It appears, therefore, that the reserve force of the normal 


1uscle is exceeded when an overload of this extent is applied to 
with a defective aortic valve. It would seem that the effect of 


least in part, to add to this reserve and to enable the 


ith a valve lesion to meet an overload of considerable magnitude 
_— 


and Hasenfeld *® studied the reaction of normal rabbits and 


red it with the reaction of rabbits with hypertrophic hearts from 


regurgitation or stenosis or from injection of spartein and ep 
stimula 
\Ithough 


ked differences were noted between different animals, these authors 


he conclusion that 


development of hypertrophy increases the reserve force of the heart 


1 


The Changes in the Circulation in Aortic Insuf 


vy, Bull. Johns Hopkins Hosp. 22:197, 1911 
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with an experimental lesion until it is approximately equal to the normal 
heart. The same conclusion was obtained by Wolfer? in whose work 
the extent and duration of the rise of arterial pressure on clamping the 
aorta in thirteen normal rabbits was compared with twenty-five rabbits 
with hypertrophic hearts subsequent to aortic stenosis, aortic regurgita 


epinephrine hydrochloride. .\ccording to 


tion and administration o 
[sppinger and Knaffl,'* starvation for several days preceding this test 
of cardiac reserve reduces the reserve in the normal heart, and reduces it 
to a greater extent in the hypertrophic heart resulting from aortic 
regurgitation It would seem, therefore, that while hypertrophy 
increases the reserve and the ability of the muscle to meet an increased 
total amount of work, the hypertrophic muscle is more susceptible to 


disturbances of its nutrition than the normal muscle 


MYOCARDIAL CHANGES IN CARDIAC HYPERTROPHY 

lwo divergent views regarding the nature of the process in hype 
trophy of cardiac muscle are found in the literature. The more prevalent 
one is that the process 1s primarily a work hypertrophy stimulated 
mechanical conditions of load. The other view is that hypertrophy ts 
the result of a progressive inflammatory process caused by a patholos 
nutritive stimulus. The latter view has been supported particular 
by Aibrecht '* on the basis of observations made on human hearts. ‘The 
reports derived from the study of experimental hypertrophy, on t 


other hand, incline to the former view. Tang] compared the cross 


diameter of the muscle cells in the hearts of normal rabbits of different 
body weights and in hypertrophic hearts resulting from experimental 


aortic regurgitation. He found that the diameter of the fiber increased 


~ 


from 5.57 to 15.33 microns with body weight from 610 to 2,600 Gi 

while in hypertrophic hearts a similar relationship existed in which the 
range in cross diameter was from 14.24 to 20.17 microns. He therefore 
compares hypertrophy with physiologic growth of the muscle. Most 
workers believe that the hypertrophy as well as the normal growth of the 
heart is due to enlargement of the individual fiber, and that mitosis does 
not occur. This enlargement is ascribed to increase of the fibrillae by 
some observers, to the sarcoplasm by others. With the increase in the 
size of the fibers, several observers have noted a frequent but apparently 
not invariable increase in connective tissue. Stadler‘ ascribes the 
increase of connective tissue to the mechanical stimulus of dilatation and 
the increase in size of the fiber to the mechanical stimulus of increased 


17. Eppinger, H., and Knaffl, E.: Ueber Herzinsufficienz, Ztschr. exper. Pat! 
u. Therap. 5:77, 1909. 

18. Albrecht, E.: Die Herzmuskel und seine Bedeutung ftir Physiologie 
3erlin, 1903. 

19. Tangl, F.: Ueber die Hypertrophie und des physiologische Wachsthum 


Path. Anat. 116:432, 1889 


des Herzens, Virchows Arch. f 
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\ Kight of the hearts from our series of aortic regurgitation have 
becn examined for us by Dr. E. M. Medlar of the Department of 
P ogy of the University of Wisconsin. \ll showed a definite 
( ement of the fibers of the left ventricle and septum. The outer 
v i the right ventricle usually showed some hypertrophic cells, but 

rked and less extensive than in the left ventricle. There was no 
( ce of degenerative changes in the heart muscle nor of increase 


us tissue in any Instance 


CONCLUSIONS 
[’xperimental aortic stenosis and insufficiency in dogs is usually 
ted with a gradually developing cardiac hypertrophy. 
(his hypertrophy is preceded by a stage of initial dilatation, 
passing off in part or completely within a few days. 
\ortic insufficiency is associated with regurgitation of blood into 
ventricle and an increased diastolic widening of this chamber. 
he heart with aortic insufficiency before hypertrophy develops 
react as effectively to an overload as does the normal heart. 
Chere are no electrocardiographic changes characteristic of the 
lilatation or hypertrophy subsequent to aortic lesions. Even 
e degrees of dilatation in the normal heart fail to cause significant 
( s in the electrocardiogram. 
lhe histologic changes following aortic regurgitation are those 
( teristic of simple hypertrophy without evidence of degenerative 
ses in the cardiac muscle. 


ave known that Dr. H. C. Bazett of the University of Pennsylvania was 
ma series of observations closely paralleling our own. Through the 





( of Dr. Bazett there has been an interchange of manuscripts, and we 


V express our appreciation of this. The principal difference in our con 
cl appears to be the question of the occurrence of an early enlargement 

lent to aortic regurgitation. We are unable to suggest the reason for 
thi fference in experimental results, and it would appear that further work 
ol important question is desirable. We should also like to thank Dr. E. M 
Medlar of the Department of Pathology of the University of Wisconsin for 


the histologic examinations for us. 





























CHRONIC ACIDOSIS IN RABBITS AND IN DOGS 
WITH RELATION TO KIDNEY PATHOLOGIC CHANGE * 
BEATRICE CARRIER SEEGAL, M.D 
BOST( 
Change in the ability of the kidney to eliminate acids has been 


recognized as one of the fairly constant symptoms of renal dise: 
Valmer and Henderson! report an abnormally high acidity of the urine 
caused by a decrease of urinary ammonia in patients with nephritis 
usually of the glomerular type. The same investigators,? also Sellai 
Hlosshin,* and Peabody,’ find that the amount of alkali which must be 
ingested before the urine becomes alkaline is increased in nephritis. 
Sellards reports that this is particularly true in interstitial renal 1nj 


\ustin and Cullen ® review the literature and draw the conclusion tliat 


nephritis gives rise to a disturbance of the acid base equilibrium, 
that it may lower both the alkali reserve and the plasma px. 

These investigators and many others, while recognizing the const: nt 
appearance of a disturbed acid excretion, have supposed that this was 
a consequence of the renal damage. Fischer,’ on the other hand, belie. es 
that acid elimination may play an etiologic role in nephropatholovic 
change. He supports his theory by experiments in which he injects : 
intravenously in rabbits and finds albumin and casts in the specimens >f 
urine ina few hours. Other work of this nature has been reported as 
far back as 1878, when Kobert § found that 5 per cent phosphoric avid 


given to dogs and rabbits either by stomach tube or by intravenc us 


injections resulted in albumin, casts and even blood in the urine. 
*From the Department of Pathology, Harvard University Medical School. 
1. Palmer, W. W., and Henderson, L. J.: A Study of the Several Factors 


otf Acid Excretion in Nephritis, Arch. Int. Med. 16:109 (July) 1915. 
2. Palmer, W. W., and Henderson, L. J.: Clinical Studies on Acid-Base 
Equilibrium and the Nature of Acidosis, Arch. Int. Med. 12:153 (Aug.) 1913 


3. Sellards, A. W.: The Essential Features of Acidosis and Their Occur- 
rence in Chronic Renal Disease, Bull. Johns Hopkins Hosp. 25:141 (May) 1914. 
4. Hosslin, Rudolf: Ueber die Abhangigheit der Albuminurie vom 


Sauregrad des Urins und itiber den Einflusz der alkalizufuhr auf Aciditat, 
Albuminurie, Diurese und Chloridsuscheidung, Sowie auf das Harnammoniak, 
Deutsches Arch. f. klin. Med. 105:147 (Dec.) 1911. 

5. Peabody, F. W.: Clinical Studies on the Respiration. IT. The Acidosis 
of Chronic Nephritis, Arch. Int. Med. 16:955 (Dec.) 1915. 

6. Austin, J. H., and Cullen, G. E.: Hydrogen Ion Concentration of the 
Blood in Health and Disease, Medicine 4:275 (Aug.) 1925. 

7. Fischer, Martin H.: Edema and Nephritis, New York, John Wiley & 
Sons, 1915. 

8. Kobert, E. R.: Ein Beitrag zur Phosphosaurewirkung, Schmidt’s Jahrib. 


179:225, 1878. 
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obtained albumin and hyaline casts in fifty-two hours in a 


t that had received 2.16 Gm. hydrochloric acid subcutaneously. 
oscopically, he found granular and hydropic degeneration of the 
tubule cells. MacNider '’ conducted a series of tour hour experi- 
ts in which dogs received two doses of two-tenths normal hydro- 
ric acid, 5 ce. per kilogram. Albumin and casts appeared in the 
Microscopically, the kidneys showed Injury to the convoluted 
les, advanced cloudy swelling, granules in the cytoplasm and 
ularly staining nuclei. Goto?! observed that acid (from 0.5 per 
hydrochloric acid to 1 ce. per kilogram) administered by mouth 
dogs produced an “acute nephritis.” 
cid has been used in these experiments in relatively large quantities 
a short period of time, and the effect has been similar to that 
uced by other more toxic chemicals. -\cute tubular injury has 


PLAN OF EXPERIMENTS 

he experiments described 1n this paper were planned to determine 
er a mild chronic acidosis, or a lowering of the plasma carbon 
de capacity, extending over a long period of time, would result in 
ey damage. 

he acidosis was produced by administering by stomach tube one- 
normal hydrochloric acid or one of the hydrochloric acid forming 
tances, ammonium chloride or calcium chloride, to rabbits and dogs. 
dosage of acid-forming substances was so regulated that the carbon 
ide capacity of the plasma became and remained slightly below 
ial over periods of months. It was difficult to regulate this dosage 
rabbits. They often contracted a severe acidosis. Specimens of 
‘ were examined at regular intervals for albumin, the py; was deter- 
1 and the sediment was examined microscopically. 


ACIDOSIS IN RABBITS, MATERIAL AND METHODS 





ifteen young animals weighing approximately 2 Kg. were used. Six of 
were kept as controls. All animals were maintained under the same 
¢ conditions, on a diet of oats and various greens and water as desired. 
spontaneous ear infection with B. necrophorus, which made its appearance 
a few animals, these animals were treated by pouring ether into the ear 
f y other day until the infection disappeared completely. 
9. Ewing, James: Acidosis and Associated Conditions, Arch. Int. Med. 
2:330 (Nov.) 1908. 
10. MacNider, W. deB.: Studies Concerning the Influence of a Disturbance 
the Acid-Base Equilibrium of the Blood on Renal Function and Pathology: 
Study I. The Effect of Acid and Alkaline Solutions on Renal Function and 
Pathology in Normal Dogs, J. Metabolic Research 3:511 (April) 1923. 
11. Goto, Kingo: A Study of Acidosis, Blood Urea and Plasma Chlorides in 
Uranium Nephritis in the Dog, and of the Protective Action of Sodium Bicar- 


bonate, J. Exper. Med. 25:693 (May) 1917. 
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Weekly examinations of the urine were made on urine freshly obtained by 


pressure on the bladder. In order to make certain that the bladder should 
contain a sufficient volume of urine, the animals were put into rat cages for 
three or four hours previous to taking the specimen of urine. They wet 
sufficiently crowded and uncomfortable in these small cages so that they did 
not urinate during that period. The pa of the urine was determined colori 
metrically with the LaMotte standards on all specimens of urine acid to litmu 
\lbumin was determined by heat and acetic acid. Acid was also added to uri 
which was cold, as it was found that frequently a precipitate formed under the 
conditions. Albumin as reported refers to the density of the cloud in the heate 


specimen after that in the cold urine has been subtracted. It is reported as 
faint trace, trace, one plus, two plus or three plus. Microscopic examination of tl 
sediment obtained by centrifugalization was made promptly. 

Blood for plasma carbon dioxide capacity was drawn at weekly or bi-week!l 
intervals as the condition of the animal warranted. The specimen was collect 
by inducing hyperemia in the ear with ether, cutting the marginal vein and alk 


ing the blood to fall into an oxylated tube. After gently mixing with a r 
oil was poured on the surtace, and the blood was centrifugalized. This is not 
accurate way of collecting blood for gas analysis. The method was check 
however, by drawing simultaneous specimens from the heart. The difference 


about 3 per cent by volume was of no practical importance in these experiment 
A rabbit’s plasma carbon dioxide capacity has normal limits as wide as 45-70 | 
cent by volume. The method of analyzing the blood was that described by \ 
Slyke.” The analyses of the last six months were made on the constant volut 
Van Slyke machine 

Nine of the rabbits received tenth normal hydrochloric acid, calcium chlori 
i'r ammonium chloride by stomach tube over periods of time which varied fre 
ten days to one year. The time and dosage, together with urine, blood and po 
mortem observations, are given in tables 1 and 2. 

The use of tenth normal hydrochloric acid as a means of lowering 
reserve alkali of the blood needs no explanation. Ammonium chloride a 
calcium chloride increase the chloride anions of the blood, because in the ca 
of ammonium chloride, the ammonia is probably converted into neutral urs 
while in the case of calcium chloride, a large portion at least of the calcium 
eliminated in the stool, while the chlorine ion is absorbed. Either substan 
therefore, increases the hydrochloric acid metabolism of the body. Haldan 
has reported the production of acidosis in himself both after the ingesti: 
of calcium chloride and ammonium chloride. Gambler, Ross, and Tisdall”* a 
Gamble and Ross“ administered calcium chloride, ammonium chloride, a1 
hydrochloric acid in the treatment of tetany and proved that calcium chlori 
12. Van Slyke, D. D.: Studies in Acidosis. II. A Method for t 
Determination of Carbon Dioxide and Carbonates in Solution, J. Biol. Che: 
30: 347, 1917. 

13. Van Slyke, D. D., and Neill, J. M.: The Determination of Gases in Blo 
and Other Solutions by Vacuum Extraction and Manometric Measuremet! 
J. Biol. Chem. 61:523 (Sept.) 1924. 

14. Haldane, J. B. S.; Hill, R., and Luck, J. M.: Calcium Chloride Acidos: 
J. Physiol. 57:301 (June) 1923. Haldane, Priestley, Baird and Douglas 
Ammonium Chloride Acidosis, J. Physiol. Proceedings 57:11 (Feb.) 192 
Haldane, J. B. S.: Experimental and Therapeutic Alteration of Human Tissu 
Alkalinity, Lancet 1:537 (March 15) 1924. 

15. Gamble, J. L.; Ross, G. S., and Tisdall, F. F.: Studies in Tetany: Effect 
of Calcium Chloride Ingestion on the Acid-Base Metabolism of Infants, Am. ] 
Dis. Child. 25:445 (June) 1923. 

16. Gamble, J. L., and Ross, G. S.: Studies in Tetany: The Effect oi 
Hydrochloric Acid Producing Substances on the Acid-Base Metabolism of an 
Infant, Am. J. Dis. Child. 25:470 (June) 1923. 
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ammonium chloride as well as hydrochloric acid lowered the plasma 
bonate Hydrochloric acid and presumably the other substance also 
ed the pu of the plasma. They found that only about 40 per cent of the 
im chloride ingested acts as hydrochloric acid, while probably all of the 
nium chloride ingested exerts an acid effect. One gram of ammonium 
le, which contains approximately 0.66 Gm. chlorine, would be equivalent t 
tenth normal hydrochloric acid. One gram of calcium chloride, if all the 
were eliminated via the stool, and all the chlorine absorbed, would 
livalent to approximately the same, 180 cc. tenth normal hydrochloric acid 


ause of the possibility that ammonium chloride administered over a long 


| of time might introduce extraneous effects caused by ammonia and not 
d, three of the rabbits received tenth normal hydrochloride acid over 
ntervals of time during the experiments. There was no difference in the 
Calcium chloride was given to the rabbits during a large part of the 
mental period Tenth normal hydrochloric acid was finally stopped 
se such large volumes of fluid were necessary The ammonium chloride 


lcium chloride were given in 2 per cent solutio1 


animals, with the exceptions noted in the tables, were killed, and autopsy 


ormed immediately Sections were fixed in Zenker’s solution and 


tained with hematoxylin and eosin stain or by Giemsa’s method 


EXPERIMENTAL OBSERVATIONS ON RABBITS 


he individual variations in dosage and in the response of the animal 
acid make it impracticable to average the figures and present the 
in a single table. The animals will be described as a single group 
g the first few days. They will then be divided into two groups: 
ils that never had a severe acidosis, that is a plasma carbon dioxide 
ining power below 30 per cent by volume, and the animals that 
loped a severe acidosis. Tables 1 and 2 contain the data for these 
vToups. 
‘revious to giving the acid, the specimens of urine of the nine 
als used in the experiment were alkaline, there were no casts in the 
nent, and eight of the nine had no albumin. One showed a faint 
The plasma carbon dioxide capacity varied between the limits of 
er cent by volume and 70 per cent by volume. These observations 
made over a control period of one month. 
(he administration of from 5 to 7 Gm. of ammonium chloride to 
animals over a period of three days to one week resulted in the 
irance of albumin in the urine, which was a faint trace in one 
mal but a one plus amount in the others. The specimens of urine 
yecame acid; the py dropped as low as 5.4. Casts had appeared in the 
urine of one animal. After 7 Gm. of calcium chloride given over the 
period of a week to one animal, the albumin test gave a plus two reac- 
tion. The administration of from 100 to 350 cc. of tenth normal hydro- 
chloric acid, given to four rabbits over a similar period of time, produced 
icid urine, and in all but one case albumin varying from a faint trace 
to one plus. In all these animals the plasma carbon dioxide capacity 
was unchanged. 
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\t the end of the first few days, without changing the reserve alkali 


t 
oO 


all but one case varying amounts of albumin, while one rabbit had showed 


casts. 


produce ammonia 


D 
tion of Dosage o 
Expe Drugs 
Ra menta Adi 
bit Period stered 1 
4 1 ivs 16.2G ( 
NH« 
7 18 days 18.6 Gi 1.9 
NHC] 
8.0 Gn 
NaHCO 
f iys 6.8 Gi 
N Hat 
weeks 7 
{ 8 oO 10 e 
N10 HCl, 
$5.0 Gn 
NHiCl 
7.5 wk » 0G 
NH:Cl 
f oO 66.0 Gi 
NHsCl 
weeks 
* Per cent by volume 


+ No acidosis at time 


metabolism rapidly 


were killed by the acidosis, one in eleven days and one in eighteen day 


to neutralize 


TABLE 1. 


Urine 
Observations 


(Average 


of earbon dioxide at 
this kidney was removed 





OF INTERNAI 


the acid 





eliminated in 


Severe Act 


Aver- Low- Cat 





VWEDICINE 


It soon became evident, however, that the rabbit that does 1 


the course 


Carbon 

Dioxi 

per Cent 
by Volume 


de 
Hours 
Post 


— morten Miscroseopic 








the body, the animals had been forced to excrete an acid urine and i 


Vt 
1 


nt 


ise of kidney : 
Casts age est Death Observations 4 
Hyaline, 9 l 0 Epithelium of cor : 
ranular Killed luted bules, sw q 
len, vacuolated, 
pletely filling 1 
nuele showed k 
olysis: slight spo 
neous nephritis 
Hyaline, 7 ( 0 No swelling of t t 
granula ( \cidosis ar epithelium: ; 
filled with many i 
purple punctate 
of chromatin; 
merous casts 
tubules; no sp 
neous nephritis 
All types $5 5 Biopsy Tubular epithe 
terminally swollen, vacuolat 
both pyknosis 
karyolysis of nue 
slight spontanes 
nephritis 
All types 0 lubular epithel 
terminally Killed places showed reg 
eration; many E 
thelial cells wit! 
eytoplasm, and } . 
notie nuclei; pykr 
much more extens 
numerous easts 
tubules 
Granular, 30) Biopsyt Some cellular de 
occasionally ind casts in tub 
all types slight spontar 
nephritis; essent 
normal 
All types 47 14 ( Slight swelling of « 


All types 35 


time of 


acquires a severe acidosis. 


before this fact was fully appreciated. 


subsequent 


which they recovered. 


Kille voluted tubular 
thelium; some 
of epithelial ( 
pyknotie; slight s} 
taneous nephritis 
18 Biopsy Tubular epit he 
swollen, vacuolat 
many nuclei pyk 
tic; no spontane 
nephritis 
0 Condition practic 
Killed unaltered, slig! 


improved 


death 


Two of 


Even with careful watching 


the animals 


animals were thrown into periods of severe acidosis fron 


nN 
} 














tion in the kidneys, there often were adhesions between the elomerular 
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he group of nine animals, therefore, is divided into two groups, 
roup consisting of rabbits 15, 16, 17 and 18, that at no time had a 
i carbon dioxide capacity below 30 per cent by volume. Animals 
11 and 14 had severe acidosis one or more times. 
ible 1 summarizes the procedures and results in the group that had 
icidosis. Grossly and microscopically, the pathologic observations 
uniform. ‘The kidneys, grossly, were moderately swollen and 
When spontaneous nephritis, so characteristic of rabbits, was 
t, it was recognized by small diffuse pits on the surface. On 
the proportion of cortex to medulla was normal. [xtreme 
s was the outstanding feature. 
croscopically, with Giemsa’s stain, the epithelium of the con- 
tubules was undergoing acute degeneration. The cells were si 
nas to fill the lumen completely ; the cytoplasm was granular and 
lated, the nuclei were usually deep violet, shrunken and irregular 1n 
ir, although rabbits 4 and 11, under treatment a short time, showed 
n, pale nuclei also. There were casts in the collecting tubules and 
granular precipitate in some of the glomerular spaces. The 
ruli were normal. The observations were the same irrespective 
luration of the experiment. There was no intertubular prolifera- 
cells. Although the kidneys of these animals had been subjected 
longed irritation, which was sufficient to cause the constant appear- 
albumin and casts in the urine, no indication of a chronic 
se on the part of the tissues was obtained. The picture was that 
ild acute injury to the tubular epithelium and was essentially that 
idy swelling. 
imals 4+ and 7 are interesting in that they both received approxi- 
the same amount of ammonium chloride and both were killed 
e they were in a moribund condition caused by acidosis. Rabbit 7, 
however, had received 8 Gm. of sodium bicarbonate during a 
of two days previous to his death. His plasma carbon dioxide 
eturned to normal. With the exception of the great number of 
in the tubules and a slight degree of pvknosis of the nuclei, his 
VS were not microscopically abnormal, while those of rabbit 4, 
. showed the tubular degeneration described in the foregoing. The 
were swollen and pale, or pyknotic. 
abbit 11 was operated on in the stage of severe acidosis, and a 
on of the right kidney was removed. This showed microscopically 
characteristic picture of tubular degeneration. The kidney became 
ted postoperatively. Leukocytes and bacteria appeared in the urine, 
the animal was killed seven days after the operation. In addition 
e local area of infection in the right kidney, an early thrombus was 
nd microscopically on the mitral valve. Besides the tubular degenera- 























Fig. 1—Convoluted tubules from the kidney of rabbit 4. The animal 
received 16.2 Gm. of ammonium chloride over a period of two days. The pla 
carbon dioxide 
swollen cytoplasm with nuclei which are either swollen and pale or pyknoti 


} 
Cl 


aracteristic of early acute acidosis 








had fallen to 12 per cent by volume. The combinatior 























Fig. 2——Convoluted tubules from the kidney of rabbit 7. The animal had 


received 18.6 Gm. of ammonium chloride over a period of seventeen days. The 
plasma carbon dioxide capacity was less than 20 per cent by volume two days 
before death, but due to the ingestion of sodium bicarbonate the plasma carbon 
dioxide had returned to 61 per cent by volume before death. The tubules are 
relatively normal except for the increased chromatin in the nuclei. 
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and the capsule. In view of the negative observations in the 
¢ eruli of the other animals, this must be attributed to the super- 
sed infection. 
he left kidney was removed from rabbit 14 one month after the 
al’s plasma carbon dioxide had fallen to 10.7 per cent by volume. 


is time the urine contained all types of casts in great numbers and 
ree plus albumin reaction. The blood urea nitrogen was 28 mg. per 
red cubic centimeters of blood. By way of treatment the animal 
eiven sodium chloride, 4 Gm. daily by stomach tube, for two days. 
e time of operation, one month later, the results of all tests were 
al, except that there was a trace of albumin in the urine. Macro- 
cally and microscopically, the kidney removed for biopsy was normal 


the exception of a few casts in some of the collecting tubules 


TABLE 2.—Mild Acidosts 


Urine Carbon 
Observations Dioxide 
Dura per Cent Hours 
tion of Dosage of Average by Volume Post 
xperi Drugs - —~——, morten Miseroscopic 
ental Admin- Albu Aver- Low- Cause of Kidney 
Period istered pu min Casts age est Deat Observations 
days 650 ce 1.6 Occasional 59 59 17 Postmortem swelling 
N10 HCl hyaline and Pneu of tubular epithe- 
granular monia Hum; serous preelpi- 
tate n capsular 
space; spontaneous 
nephritis 
2 mo 1,850 e¢ 6.0 Oceasional 61 8 . 4 few pyknotie nu 
N/10 HCl hyaline and clei in tubular epi 
6Gm granular thelium: spontaneous 
NH«Cl nephritis 
no 3,125 ec 6.0 Trace Hyaline, a6 $ ( Serous and cell débris 
N/10 HCl terminally Killed n tubule; many pyk- 
all types notie nuclei; slight 
spontaneous ne 
phritis 
days 13 Gm ; 0 7 5 Same as 16: also cor 
CaCl voluted tubular epi 
7 mo. 5,570 ec 3.5 All types a) 0 <i thelium swollen; no 
N/10 HCl, in moderate spontaneous I 
42 Gm numbers phritis 
NHaCl 


[here was an interval of six weeks between the two experimental periods 


Juring the following seven and a half weeks the animal received 
22 Gm, of the ammonium chloride. In the middle of this period a 
severe acidosis developed. The plasma carbon dioxide capacity was 
reduced to 13.7 per cent by volume. The animal recovered from this, 
however, and at the time it was killed, the plasma carbon dioxide 
capacity was 25 per cent by volume ; the urine showed a plus one albumin 





reaction and a few of all types of casts. Grossly, the kidney was some- 
what pale but otherwise normal and weighed just under 9 Gm. Micro- 
scopically, the changes already described were found but to a less marked 
degree. Only occasional pyknotic epithelial nuclei were found, and 
the cytoplasm was less granular, swollen and vacuolated. There were a 
few scars of spontaneous nephritis. 
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Rabbit 6 was operated on and his right kidney removed at a time 
when his plasma carbon dioxide capacity was 41 per cent by volume 
The urine had a py of 5.1 albumin + +, and showed hyaline and 
granular casts. There was severe bleeding at the time of the operatio: 
the animal failed to gain weight afterward. He was finally killed thr 
weeks later because of a stitch abscess which persisted and extended i 
spite of treatment. The abscess had involved the peritoneal wall at t! 
site of the incision, and the intestines in the vicinity were matted togetl 


by dense adhesions. In spite of this secondary infection, the conditi 














Fig. 3.—Convoluted tubules from the kidney of rabbit 6, removed at operati 
one year after the onset of acidosis. The plasma contained 41 per cent 
volume of carbon dioxide. The marked pyknosis of the nuclei, with swellii 
and granulation of the cytoplasm is characteristic of protracted acidosis. 


of the remaining left kidney, fig. 3, was somewhat better than of that 
removed at biopsy. The epithelium was not so swollen, and the pyknosis 
of the nuclei had in part disappeared. The kidney removed at biopsy 
showed the changes already described. 

Of the four animals, table 2, that at no time contracted a severe 
acidosis, three died unexpectedly and autopsy was not performed imme- 
diately. Rabbit 16, which was killed, therefore furnishes the best 
example of this group. The same changes in convoluted tubules but to a 


less marked extent, were found microscopically. 
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The six control animals lived in the laboratory for from one month 
sixteen months. All but one were killed and autopsy immediately 
rformed. The animals that were kept ten months and longer occa- 
nally showed a trace of albumin and, in some instances, a plus albumin 
iction in the urine. This was most often associated with the spon- 
neous development of an acid urine. Three of the animals had hyaline 
d finely granular casts at times. The albumin and casts persisted in 
case of no. 9 who at autopsy showed extremely extensive spon- 
neous nephritis. All had at least a few pits in the surface of their 
Ineys which microscopically were due to localized areas where tubules 
re collapsed, accompanied by round cell infiltration and connective 
sue proliferation. 


GENERAL BODILY REACTION OF RABBITS 

The weight curve went down whenever the animals acquired a severe 
dosis or a moderate acidosis extending over a long period of time. At 
itopsy the body fat was much decreased. 

Pathologic changes elsewhere than in the kidneys were conspicuously 
sent. The aorta was examined particularly with reference to the 
velopment of arterial lesions, but only the small plaques which rep- 
ent spontaneous degeneration of the media were found. 

Rabbit 6 had progressive softening of his teeth during the last two 

mths of his life, so that when he died the lower front teeth were 
ictically gone. Dr. P. R. Howe had two of the teeth analyzed for 
lcium and found them deficient. The bones of the skull were so thin 
it they could readily be cut with an ordinary scissors. After twenty- 
ur hours in Zenker’s solution, they could be sectioned with a micro- 
me. The long bones did not show any gross thinning, but the ribs were 
«tremely soft. Loss of calcium and of fat in experimental acidosis has 
ready been reported by Goto.’ The epithelium of the lungs of 
is animal, no. 6, was vacuolated as though undergoing hydropic 
egeneration. 

When an animal has severe acidosis, his respirations become slow 
1d deep. His head is retracted. He sits quietly unless disturbed, and 
vhen he attempts to walk, he falls toward one side. Later, he lies on 
ne side and exhibits spasmodic twitching of the extremities. 


CHRONIC ACIDOSIS IN DOGS 
Seven female mongrel dogs were used for the experiment. They 
ran together on the roof of the building during the day and occupied 
separate pens at night. Their diet consisted of Spratt’s Dog Biscuit and 
meat. They all had the mange and were treated with sulphur ointment. 
It persisted in only one, no. 3. 


17. Goto, Kingo: Mineral Metabolism in Experimental Acidosis, J. Biol. 
Chem. 36:355 (Nov.) 1918. 
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Experimentally the dogs were treated in the same manner as the 
rabbits, except that the plasma carbon dioxide determinations were made 
much less frequently because the onset of acidosis in the dogs was mor« 
gradual. 

EXPERIMENTAL RESULTS 

In table 3 are summarized the experimental procedures in the five 
animals who were given ammonium chloride, calcium chloride and tenth 
normal hydrochloric acid. About two weeks after the onset of treat 


ment, the specimens of urine showed a faint trace of albumin. It was 


TABLE 3.—Acidosis in Dogs 
Urine Carbon 
Observations Dioxide Hours 
Dura - ‘ — per Cent Post 
tion of Dosage of (\verage by Volume mortem 
Experi- Drugs a - ——__A—_— Cause Microscopic 
Wt., mental \dmin- Albu Aver- Low- of kidney 
Dog Kg Period istered pu min Casts age est Death Observations 
l 14 tmo 56 Gm 6.0 Hyaline, 30 21 0 Convoluted tubu 
NH,Cl, Termi granular, in killed epithelium vac 
198 Gm ually moderate lated; nuclei show 
CaCl 1.9 numbers karyolysis and occ 
sional pyknosis 
easts in collecting t 
bules; spontaneo 
nephritis 
7 14 mo 26,590 ce 5.9 Trace Hyaline 15 31 Animal showed leuk 
N/10 HCl, easts in cytes and bacter 
124 Gm about one in the urine and tl! 
NH.«Cl, half the experiment w 
519 Gn examina- stopped 
CaCl tions 
> mo 35,475 ee 9 Trace A few i() 27 Urine free from alb 
N/10 HCl, hyaline min and easts s 
196.5 Gm. weeks after stopp 
NH.«Cl, acid 
171.5 Gm. 
CaClez 
4 17 3144 mo 27,865 ee. 6.0 Trace Oceasional 42 32 Urine clear of casts 
N/10 HCl, hyaline and two weeks, of alb 
202.5 Gm. granular rare min in four weeks 
NH:Cl, cellular after treatment 
227.0 Gm 
CaCle 
12 > weeks 207 Gm. 5.9 Trace Occasional ‘ Urine returned to nor 
CaCl hyaline mal in two weeks 


1ot until acidosis was well established, about 35 per cent by volume 
carbon dioxide, that casts appeared constantly and then only in small 
numbers. With the exception of dog 1, which was pressed to a point 
where it became necessary to kill her, the albumin test was never mor« 
than plus one. The urine py did not vary between wider limits than 
5.7 to 6.1 during the whole course of the experiment. Two dogs were 
starved for seven days but still maintained the same urine py even when 
given 4 Gm. calcium chloride by stomach tube. 

Terminally, when dog 1 had a plasma carbon dioxide capacity of 21 
per cent by volume, her urine py fell to 4.9; she had a two plus albumin 
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reaction and all types of casts in considerable numbers. She was killed 
ecause she had lost weight and vomited every thing that she ate or 
rank. 

The right kidney weighed 70 Gm., the left 75 Gm. This is above 
rmal weight for a 14 Kg. dog.’* The capsule stripped readily, 
though the surface of the kidney was irregularly pitted. It presented 
e same picture as that of the spontaneous nephritis kidney in a rabbit. 
n section abnormalities were not noted grossly, with the exception of 

infrequent fine white striations radiating in from the capsule and 
used by the spontaneous lesions. <All the other organs were also 
rmal in appearance. 

Microscopically, the convoluted tubules of the kidney were slightly 
vollen and showed extensive vacuolization suggesting hydropic degen- 
ition. The nuclei were irregular in shape, usually larger than normal 
d pale. There were casts in the collecting tubules. There was no 
tertubular cellular proliferation. The picture as before was similar 
that of cloudy swelling. 

In addition to this change, which may be attributed to the acidosis, 
ere were localized areas of spontaneous nephritis. These consisted 
proliferation of the epithelium of the capsule with hyalinization and 
iteration of the capsular space. This usually involved two or three 
ntiguous glomeruli. The adjacent tubules were collapsed. An occa- 
mal small arteriole showed hyaline change. (Goodpasture '* described 
milar changes. MacNider ’* also describes spontaneous lesions in the 
g’s kidney. One animal that was killed as a control had smaller 
sions of a less marked character in the glomerular tufts resembling 
ose described by MacNider. 

Of the other four animals, experimentation was stopped on no. 2 
cause she developed an infection of the urinary tract. The calcium 
loride was stopped on the other dogs when the results from no. 1 

vere found to resemble those obtained on rabbits. The specimens of 
rine became free from casts and albumin in from two to six weeks. 

In summary, therefore, the effect of an acidosis on dogs’ kidneys 
as similar to that on rabbits’ kidneys. An acute degeneration of the 
pithelium of the convoluted tubules resembling cloudy swelling resulted, 
vhich did not produce any of the reaction normally associated with a 

chronic process. The main difference between the dogs and the rabbits 
was the extreme difficulty in forcing the dogs to form a more than 
normally acid urine. 


18. Goodpasture, E. W.: Anatomical Study of Senescence in Dogs with 
Especial Reference to the Relation of Cellular Changes of Age to Tumors, 
1. M. Research 38:127 (May) 1918. 

19. MacNider, W. deB.: A Pathological Study of the Naturally Acquired 
Chronic Nephropathy of the Dog, J. M. Research 34:177 (May) 1916. 
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COMMENT 

Rabbits have been used extensively for work in experimental 
nephritis. Often much encouragement has been derived from the 
appearance in the urine of large quantities of albumin and numerous 
casts. Both are readily obtained in rabbits if the animal is forced to 
excrete an acid urine for a few days. Even when the irritation is car 
ried over as long a period of time as a year, and the acidosis is forced to 
point of almost lethal severity, with a resulting three plus albumin reac 
tion and all types of casts, the injury proves microscopically to be onl 
an acute tubular one resembling cloudy swelling. No permanent o1 
chronic injury to the kidney is effected, and repair may take plact 
rapidly and completely when the acidosis 1s stopped. 

In carniverous dogs the same transitory type of injury to the tubulai 
epithelium accompanies an acidosis. The animal protects himself against 
the development of an acid urine efficiently, however, and the albumi: 
and casts are slower to appear and small in quantity until a drop in th 

of the urine occurs. 

The experimental production ot nephritis with uranium nitrate 
accompanied by acidosis. The fact as reported by MacNider *° an 
Goto" that the toxicity of uranium nitrate is diminished by sodiu 
carbonate may well depend on the neutralization of acids which ar 
causing destruction of tubular epithelium. The same condition probabl: 
accounts for the diminution of albumin and casts in certain huma: 
patients with nephritis following alkali therapy as reported by Hosslin 
and others. 

It is also interesting, in view of the use of calcium and ammoniun 
chloride to relieve tetany and edema, that such large quantities may b 
given to animals over long periods of time, and that such a severe acido 
sis may be incurred apparently without any permanent injury. 

Our results emphasize the importance that an acid urine may hav 
in producing the clinical picture of an injured kidney. Post and 
Thomas *! find that in a large majority of patients with orthostatic albu 
minuria, neutralization or alkalinization of the urine by administering 
alkaline salts or by regulating the diet prevents the development of the 
albumin and casts. We are at present trying to confirm this and to 
determine urine py in patients with orthostatic albuminuria. 

Another circumstance under which albumin and casts occur in the 
urine of a person who does not have nephritis is following severe mus- 
cular exercise. At this time the urinary acidity is increased. Bornstein 

20. MacNider, W. deB.: The Inhibition of the Toxicity of Uranium Nitrate 
by Sodium Carbonate, J. Exper. Med. 23:171 (Feb.) 1916. 
' 21. Post, W. E., and Thomas, W. A.: Orthostatic Albuminuria, ) ae eg a 


80: 293 (Feb. 3) 1923. 
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by mouth lessens 


Lippmann ** report that giving sodium bicarbonate 


loes away with the albumin and casts from this cause 


SUM MARY 
Calcium chloride and ammonium chloride both increase the acid 
tabolism when injected into the stomach of an animal. 
Rabbits were given varying doses of tenth normal hydrochloric acid 


ammonium chloride over periods of time extending from eleven 


s to one year. The plasma carbon dioxide capacity was lowered, 
the animals excreted an acid urine. Casts and albumin were 
ined constantly throughout the experimental period. At autopsy, 


vever, the only demonstrable pathologic change in the kidney was 
e degeneration of the convoluted tubules, similar to cloudy swelling, 
also accompanied by marked pyknosis of the nuclei in cases of longer 
ition. When acid-forming substance was stopped, the kidney 


‘tly returned to normal. 


ny 

Che results with dogs were comparable except that a greater dose of 

ride had to be given in order to produce an acidosis, and that ther 
less albumin and casts. 

lhe possible causal relation of acidosis to orthostatic albuminuria 


wing strenous exercise is discussed. 


wish to thank Miss Lewis of the Peter Bent Brigham Hospital for the Bun 
minations on rabbit 14. This was the only rabbit who showed any retentior 
od urea nitrogen 
Bornstein, A., and Lippmann, A.: Weitere Beitrage zur _ nicht 
hritischen Albuminurie, Ztschr. f. klin. Med. 86:345, 1918 
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GASTRODUODENAL 


PRELIMINARY REPORT OF THREE CASES * 


ANDREW B. RIVERS, M.D. 


ROCHESTER, MINN. 


\t the present tme a large number of histories are being reviewed 
of patients who came to the Mayo Clinic complaining of gastro-intestin 
hemorrhage. In this study only benign gastroduodenal lesions 
included. In most of the series of cases that came to operation ulce1 
gastric, duodenal or gastrojejunal, were found. There was, however, 
surprisingly large number of cases in which a definite ulceration was 1 
demonstrable at the operating table. In some of these, there were g: 


tric, duodenal or esophageal varices; in a few, there was evidence 


marked hepatitis; in others, splenomegaly or cirrhosis of the liver, a 
in a certain number it was assumed that a blood dyscrasia was resp« 
sible for the hemorrhages. Again, in other instances, some patholo 
conditions ot the gallbladder or appendix were found, and it w 
assumed that the condition was probably one commonly termed “g: 
bladder bleeding” or “appendiceal bleeding.” 

In some of these patients, as well as in others in whom there was 1 
obvious cause for the hemorrhage, some unusual condition was fou 
about the pylorus or in the duodenum. The operating surgeon disc: 
ered a number of dense adhesions about the pylorus, an edemat 
condition of the duodenum, stippling of the duodenum, and other coi 
ditions. In most patients the roentgenologic examination failed to shi 
a deformity in the stomach or duodenum, and the chemical investigati 
of the stomach did not show anything unusual. In some, the conce1 
tration of acids was high, but this was not a consistent observatio 
The history of dyspepsia, although not characteristically that of ulcer, 1 
the presence of hemorrhage led, in the majority of these cases, to a diag 
nosis of peptic ulcer; in many of them laparotomy was advised. If th 
history had not included the complicating factor of bleeding, the pro! 
ability is that the operation would not have been advised. 

The possible relationship of focal gastroduodenal lesions to this con 
dition was investigated because in many of these cases there was a his 
tory of acute infections, such as tonsillitis, adenitis, or acutely swollen 


joints just prior to the onset of bleeding. In this connection the obser- 


* From the division of Medicine, Mayo Clinic. 
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tions of Boas,’ Husemann,”? MacCarty,* Judd,* Roeder ° and Konjetzny ' 
came of interest. 

Roeder investigated the question of duodenitis and inferred that it 
a relatively frequent condition. According to his description of the 
ute condition, the organ is considerably reddened and generally sur- 
unded by cobweb-like or plastic inflammatory, peritoneal adhesions. 
e believes that the chronic type is common, and describes characteristic 
bweb-like peritoneal adhesions surrounding the first portion of the 
1iodenum, attached at times to the liver and to the gallbladder. The 
lls of the duodenum feel thickened, and the peritoneal coat seems 
ngested. 

MacCarty, in discussing duodenitis, writes: 

Chere is cellular destruction, congestion, edema and migration of leucocytes 

condition is seen as localized and also diffuse lesions; when diffuse, the 
pearance of the organ at exploration is not readily coniused with duodenal ulcer ; 

when it is localized, the external appearance of the serosa is indistinguishable 

m that seen in association with small ulcers. 


Boas and, subsequently, Husemann and many German writers have 
scribed acute, shallow, submucous ulcers scattered over the surface of 
e stomach and duodenum. At times these are complicated by gross 
morrhage. 

Judd describes a duodenitis type of ulcer. He distinguishes this 
om the usual type of ulcer by the absence of distinct and demonstrable 
ater formation. If the surface of the mucous membrane is examined 
isely, single or multiple pin-point ulcers may be found. Both the 
ibmocosa and the muscularis are usually infiltrated with round cells 
vhich may extend a little distance into the tissues of the wall of the 
uodenum. He mentions the occasional complication of hemorrhage. 
le believes, however, that the bleeding associated with this kind of 
uodenitis is slight. 

Konjetzny considered the possible relationship between chronic 
astritis and chronic ulcer. He studied large series of preparations of 

‘esected stomachs and subjected these to thorough anatomic analysis. 
He found evidence of diffuse or focal gastritis in practically all those 
‘ases in which gastric ulcer was demonstrated. He also found similar 
lesions in those cases in which a duodenal ulcer was demonstrated. 


1. Boas, Ismar: Diagnostik und Therapie der Magenkrankheiten nach dem 
eutigen Stande der Wissenschaft bearbeitet, Leipzig, G. Thieme, 1890-1893 
2. Husemann, T.: Die Gastroenteritis-Epidemic von Christiania (November, 


1888), Deutsche. med. Wehnschr. 15:960, 1889. 

3. MacCarty, W. C.: Excised Duodenal Ulcers: A Report of Four Hundred 
[Twenty-Five Specimens, J. A. M. A., 83:1894 (Dec. 13) 1924. 

4. Judd, E. S.: Pathologic Conditions of the Duodenum, Journal-Lancet, 
41:215, 1921. 

5. Roeder, C. A.: Duodenitis, Nebraska M. J. 9:252, 1924 

6. Konjetzny, G. E.: Die chronische Gastritis des Ulcusmagens, Zentralbl. f. 
Chir. 50:1026, 1923. 
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The following cases are submitted because they present some inter- 
esting and unusual lesions about the pylorus, about the stoma and in the 
duodenum. In all of these cases, hemorrhage rather than dyspepsia was 


the prominent symptom. 
REPORT OF CASES 


Case 1.—A chemist, aged 34, came to the clinic complaining of hemorrhages fron 
the stomach. For about twenty years he had had occasional spells of dyspepsia 
characterized at times by heartburn and vomiting. With the exception of tonsil 
litis and pleurisy, there was no history of any previous disease of importance 
His history was indefinite; but there was apparently some relief from his 
symptoms after the taking of soda. In 1915, he had had an acute attack 
gastro-intestinal disturbance which was diagnosed as ptomaine poisoning. TI! 
stools were dark, and he vomited small amounts of a black gastric content, whic 
he believed contained altered blood. Four years later, he again suffered fron 





pain in the epigastrium with vomiting; there was occasional diarrhea, and tl 
stools sometimes contained blood. For about a week following this attack | 
experienced slight epigastric pain. Six months later, he had a similar experienc: 
He again vomited blood and noticed tarry stools. He felt slight pain in the bacl 
and on two or three occasions he lost consciousness. At that time he did not 





complain of any definite epigastric distress. In 1921, six years after the onset ¢ 
the symptoms, he began to lose weight, and he occasionally felt slight supra 
umbilical pain which usually reached its maximal intensity three or four hour 
after meals. At rare intervals he experienced rather acute transitory colicky pai 
in the epigastrium, which food and soda relieved temporarily. Between 1921 a1 
1925, he had had periodic spells similar to this. Two months before admissi 
several days after one of these attacks, during the course of which he fel 
extremely weak, he vomited blood and passed some tarry stools. Since that time 
he had experienced almost constant, although slight, epigastric distress. 

He was a slightly pale, thin man who had lost considerable weight. The heart 
and lungs were normal. The abdomen, with the exception of slight tender 
ness over the entire hypogastrium, did not reveal anything abnormal. The 
blood pressure was normal. The hemoglobin was 78 per cent, and the erythrocyte 
numbered 4,400,000. A complete differential count revealed nothing of significance 
Platelets numbered 168,000. The calcium time, coagulation time and bleeding tim 
were within normal limits. Careful investigation did not reveal any evidence « 
blood dyscrasia. Repeated roentgenologic study of the stomach and duodenun 
failed to show any evidence of a deformity. Roentgenograms of the chest an 
colon were also negative. Gastric acidity gave titration values of 70 for total 
acid and 54 for free hydrochloric acid; 150 cc. of contents was withdrawn 
Because of the history of dyspepsia complicated by hemorrhage, an operation wa 
advised. Exploration revealed a small hemorrhagic spot on the anterior surfac: 
of the duodenum. The surgeon, however, was not certain that there was an ulcer 
He said that there was considerable stippling about the duodenum, and suggested 
that it looked like duodenitis. The appendix was chronically inflamed and was 
removed. The cap of the duodenum was excised, and gastroduodenostomy was 
performed. 

Prior to the operation, roentgenograms of the teeth had not been taken because 
the patient wore upper and lower plates. Since no other foci could be demon- 
strated as potential etiologic factors, it was decided to make a roentgen-ray exami- 
nation of the alveolar processes; a few root tips were found. These were removed 
aseptically, and cultures were made. Three animals were injected intravenously 
with these emulsions, and in all cases they manifested duodenitis within twenty- 
four hours. There was an interesting similarity between the general characteris- 
tics of these lesions and those demontrated in the duodenum at operation (fig. 1). 
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Case 2.—A man, aged 25, gave a history of pneumonia earlier in life and of 
ited attacks of tonsillitis. He began to have stomach trouble at about the 
of 12. During the succeeding six years, he had had periodic attacks of 
ress in the epigastrium. The description of them was rather vague. However, 
remembered having had heartburn, especially several hours after meals 

since he was 18, the dyspepsia had been more noticeable. He had 
rienced pain several hours after meals and had felt better aiter he had taken 
1 or a small amount of food. Occasionally he suffered severe pain in the 
istrium, and the pain passed through to his back. In 1921, when he was 21, 
physician decided that the symptoms might be caused by appendicitis. Appe 
my was performed, but the symptoms continued as before. bout eigh 
ths aiter the operation, he suddenly felt a severe pain in the epigastriun 





went into a state of collapse. An emergency operation was performed 
a perforating ulcer was found. A purse-string was made about the ulcer 
gastro-enterostomy was performed. Shortly after this, he experienced 








Fig. 1—Specimen showing submucous hemorrhages in duodenum of animal 
] 


enty-four hours after intravenous injection of cultures obtained from extracted 
ital root in case 1. 


mptoms similar to those manifested prior to the operation. The pain now 
gan in the epigastrium and radiated downward. It had the same relation 
ip to meals as the former distress. On one occasion before coming to the 
nic he vomited some blood, and for several days following this the stools 
ere tarry. After this episode, he was weak for some time. 

He was a tall, thin, undernourished, nervous young man with a systolic blood 
essure of 86 and a diastolic blood pressure of 50. The tonsils had been excised 
sewhere. There was some evidence of infection about the root of one tooth 
tration of gastric acids showed values of 76 for total acids and 36 for free 
vdrochloric acid. There was no evidence of recent bleeding or retention. The 
entgenologic examination revealed a deformed duodenum and a free and appar- 
ntly normal gastro-enteric anastomosis. Because of the similarity of the symp- 
toms to those before gastro-enterostomy, because of the lower reference of the 
pain and because of the high acidity and a history of bleeding, a diagnosis of 
secondary peptic ulcer, probably gastrojejunal, was made, and an operation was 
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advised. The stomach was adherent to the liver and was freed. There was a 
suggestive scar on the anterior wall of the duodenum, which was not definitel 
an ulcer. The gastro-enteric anastomosis was then disconnected and turned from 
left to right. The ring of the stoma when excised showed a number of highly 
injected areas which the operating surgeon believed were responsible for tl 

hemorrhages. Convalescence was uneventful. Several weeks after the operatior 
the tooth which had been infected periapically was extracted aseptically. Culture 

prepared from this were injected into animals. Indurated areas with stippling a1 

submucous hemorrhages in the duodenum were promptly produced in the animal 
on which the experiment was performed. These lesions were similar to tl 
injected areas found about the stoma in the patient. My co-workers and 


felt justified in assuming that the hemorrhages in this case were caused 


gastrojejunitis 
Cast 3—A man, aged 58, came to the clinic complaining of gastric hemor 
rhages. There had been no other illness, with the exception of pleurisy 





? 


Fig. Specimen showing rabbit’s stomach with multiple small hemorrhag 
ulcers following the intravenous injection of cultures from an extracted tooth 
a patient with hemorrhagic duodenitis. 


several attacks of tonsillitis. For the last twenty-seven years he had had period 
spells of stomach trouble, with a gnawing sensation in the right upper abdomin 
quadrant. This distress would reach its maximal intensity several hours afte 
meals. During the first of these attacks, he had vomited some blood and als 
had noticed tarry stools. These periodic spells of distress continued with only slight 
severity until 1906, eight years after the onset of symptoms, when he suffered a 
second hemorrhage. <A third hemorrhage occurred six years after the second 
After this complication, he felt well for fifteen years. Four weeks before his 
arrival at the clinic, there was another hemorrhage, which was followed in 
week by further hematemesis. After the last attack he had occasional twinge 
of pain in the upper right abdominal quadrant, which were associated with slight 
flatulence and backache. 

He was a pale, elderly man, but appeared to be well nourished. He had lost 
16 pounds (7.3 Kg.) during the last month. The tonsils and teeth were infected. 
Abdominal palpation failed to reveal any masses. There was slight tenderness 
in the upper right abdominal quadrant. Careful investigation for possible blood 
dyscrasia was negative. Titration of gastric acidity showed total acidity 40 and 
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hydrochloric acid 18; 125 cc. of gastric content was obtained. The first 
tgenogram of the stomach was negative. The second showed a duodenal 
rmity which was assumed to be caused by ulcer. An operation was advised 
stomach and duodenum were normal The gallbladder was slightls 


than normal, and there were some adhesions between it and_ the 


tum. The appendix contained a number of fecal stones and was chronically 


ted. The surgeon assumed that the appendix may have | 


een the cause of the 
toms, including the hemorrhages, and he removed it Convalescence was 
ial. Two teeth with periapical abscesses were extracted. Cultures were made 
njected into animals. The resultant lesion in the rabbit involved the py 





so 2 ts 7 ~} - > . I 1 . . . eat 
Fig. 3.—Section of stomach and duodenum of rabbit showing extensive sub- 
cosal hemorrhages. These followed injection of culture obtained from the 


racted teeth in a patient with hemorrhagic duodenal ulcer 


1 of the stomach. A large submucous blood clot was found in the region of the 
lorus and small hemorrhagic areas in the duodenum. This led to the assumption 
it the hemorrhages were probably caused by infectious gastritis and duodenitis, 
ich at the time of the operation had disappeared and had left only multiple 
hesions about the duodenum (figs. 2 and 3). 


COMMENT 

These histories and case reports are typical illustrations of one group 

of patients in whom infectious lesions are probably responsible for 
gastro-enteric hemorrhages. They are additionally interesting and 
Important because they stimulate speculation as possible forerunners of 
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chronic ulcer. This condition occurs frequently. Experimental work is 
being done to determine the specificity of certain strains of streptococci 
in the production of these lesions. Recently a number of these patient 
came under my observation. When an operation was performed short! 
after the occurrence of hemorrhage, acute lesions were demonstrable i: 
the potential areas of peptic ulcer; when the operation was postpone 
and later advised mainly because of the history of hemorrhage, litt! 
was found to account for the bleeding. In these patients all possil 
sources of focal infection have recently been removed, and a bland di 
of high caloric content has been advised. Thus far the results 
these measures have been extremely encouraging. It is, of course, 
early to attempt to draw definite conclusions from the data which 
obtainable at the present time. It is my opinion, however, that many 
these cases of so-called “appendiceal bleeding” or “gallbladder bleedi: 
are probably caused by acute lesions in the stomach or about or in 
duodenum. These lesions are known to heal promptly by the instituti 
of the usual methods of treatment which promote healing and by t 
removal of all deterrent factors. 























HODGKIN’S DISEASE 





WITH PREDOMINANT LOCALIZATION IN THE NERVOUS SYSTEM ,; 
EARLY DIAGNOSIS AND RADIOTHERAPY 


SOLOMON GINSBURG, M.D 


NEW YORK 


Nearly a century ago, Hodgkin?’ first described the disease that 
w bears his name. In his original series of cases—otf which five at 
were authentic—there was involvement of: (a) the lymph nodes 

ll Cases ¢ | b ) the spleen in four cases 5; (Cc ) the tonsils and the lymphoid 

ues of the base of the tongue and pharynx in one case, and (d) the 
ticle possibly in one case. 

In 1859 Wilks * reported one case of Hodgkin’s disease in which 

noted, in addition, invasion of the liver and kidneys. Six years 
ter,’ he published further observations showing the specific lesions also 
the lungs. 

In 1865, Cornil and Ranvier,* from a study of the literature and 
ir own cases, had noted that Hodgkin’s disease was more than a 
re “affection of the absorbent glands and spleen.’ In addition to 
olvement of the lymph nodes and spleen, they found the specific 
ions in the following organs and tissues: the skin, intermuscular 
sues, subcutaneous tissues, bones, thymus, lungs, stomach and 
estines. 

Simultaneously with the publication of these articles in England and 
ance, similar studies appeared in Germany, chief among which were 
ise of Billroth,> Wunderlich,® Virchow * and Cohnheim.® It was the 
eat merit of Cohnheim to perceive the generalized nature of Hodgkin’s 
sease and its close similarity to leukemia in its widespread systemic 
ssemination. The new winged word, pseudoleukemia, coined by 
From the Surgical and Radiotherapy Departments, Montefiore Hospital. 
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Cohnheim, may have been inappropriate and confusing to characterize 
the microscopic changes of Hodgkin's disease, as stated by Virchow 


9 


and others.” The immediate popularity, however, of pseudoleukemia as 
a clinical concept and synonym for Hodgkin's disease and its almost 
universal adoption by the medical world for a great many years attests 
the historically and philosophically significant fact that Cohnheim’s 
generalization of the systemic nature of Hodgkin's disease, based on the 
study of a single case, had struck a responsive cord in the minds of all 
students of this disease. 

With medical attention now fully interested in this malignant malady 
of obscure etiology, numerous Case reports began to appear in. the 
literature in which ever wider areas of invasion were recorded until 
the protean and systemic aspects of Hodgkin’s disease were {full 
established. And thus, in 1879, Gowers,’ in his comprehensive contri 
bution on Hodgkin’s disease, gave details concerning the lesions no 
only in the lymph nodes and spleen, but also in the skin, intermusculat 
tissues, bones, brain, soft palate, pharynx, tonsils, esophagus, stomac! 
small intestine, large intestine, liver, pancreas, peritoneum, thyroid 
thymus, trachea, lungs, pleura, diaphragm, pericardium, heart muscl 
suprarenals, kidneys, testes and ovaries. 

The protean aspects of Hodgkin’s disease thus stressed by Gower 
received further corroboration and addition by a host of investigators 
among whom were Birch-Hirschfeld,*! Osler,’? Ehrlich,4® Murray, 
Longcope,’® Ziegler,®> Ewing,’* Svmmers,'® Sternberg 7° and others. A 
a result of their investigations, it was repeatedly and conclusivel: 
proved that not a single organ or tissue had escaped invasion 11 
Hodgkin's disease. 

Simultaneously with the recognition of the widely disseminated an 


protean character of Hodgkin's disease, repeated and numerous obset 
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tions had revealed its marked variation not only in the duration, 
iaracter and acuteness of its clinical course, but also in its elective local- 
ation in different regions, tissues and organs in different persons. 
\Ithough it is unquestionably true that in large series of cases the 
iperficial lymph nodes are the first to attract clinical attention, numer 
is case reports have appeared in the literature in which the primary 
d predominant clinical localization occurred in the skin,’’ bones, 


hrymal and salivary glands,?° nose,** tonsils,** trachea and bronchi,°° 


ophagus,-" — stomach, intestines,"*liver,'*  spleen,'* — pancreas,*® 
20. Saalield, | Zur Frage der Hautlokalization der Lymphogranulomatose, 


h. tf. Dermat. u. Syph. 148:158, 1924. Shelmire, B Hodgkin’s Diseass 
he Skin, South M. J. 18:511 (July) 1925. Reinsberg, V., and Kadlicky, R 
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7 (Oct.) 1924 
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itsch. path. Gesellsch. 1:78-83, 1921. Dietrich: Discussion of Askanazy’s 
per, Deutsch. path. Gesellsch. 18:78-83, 1921. Schmorl Discussion oi 
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é 
son evolution des lesions osseuses etc., Bull. et. mém. Soc. méd. d. hop. de 
ris 40:761 (May) 1924. Freund, L.: Zur Rontgen Diagnose und Ro6éntgen 

herapie der Lymphogranulomatose, Wien. klin. Wehnschr. 37:239 (March) 

24. Robin, N. H.: An Unusual Metastatic Manifestation ot Hodgkin's 

ranuloma, Am. J. Roentgenol. 14:25 (Sept.) 1925 
22. Mickulicz, J Ueber eine eigenartige symmetrische Erkrankung der 
ranen und Mundspeichel drusen, Beitr. z. C Festschr. gewidmet T. 
llroth, 1892, pp. 610-630. Haeckel, H.: Beitrag zur Erkentniss der Symme 

ischen Erkrankung der Thranen und Mundspeicheldrusen, Arch. f.  klin 
ir. 69:191, 1903 

23. Harris, T. J.: Hodgkin's Disease of the Nose, Laryngoscope 35:34 (Jan 








aS 
24. Hodgkin (footnote 1). Sternberg (footnote 8). 

25. Frankel and Much: Ueber die Hodgkinische Krankheit, Ztschr. f. Hyg 
Infectionskrankh. 67:170, 1910. Czipa, A.: Erstickungstod nach R6ntgen 


estrahlung eines mediastinil Tumors (lymphogranuloma), Strahlentherapie 
12:239, 1921. 

26. Hedinger: Lymphogranulom des Oesophagus, Schweiz med. Wehnschr. 
4:828 (Aug. 30) 1923. 

27. Wells and Neaver: Pseudoleukema Gastrointestinal, Am. J. M. Sc 
128:837 (Nov.) 1904. Scott and Forman: Hodgkin’s Disease of the Stomach, 
Ohio State M. J. 12:323 (May) 1916. Kaznelson, P.: Ueber einen Fall von 
Nischenbildung und Pylorus Stenose infolge Lymphogranulomatose des 
Magens Wien. Arch. f. inn. Med. 7:117, 1923. Steindl, H.: Ueber einen Fall 
von Lymphogranulomatose des Magens, Arch. f. klin. Chir. 180:110, 1924. 

28. Warfield and Kristenson: Hodgkin’s of Intestine, Bull. Johns Hospkins 
Hosp. 27:24 (Jan.) 1916. Tarplan, K.: Ueber die Interstinale Form der Lympho- 
geranulomatose, Virchows Arch. f. path. Anat. 237:241, 1922. 

29. Sloboziano, H.: Le pancreas dans la maladie de Hodgkin, Ann. de med. 


9:362 (May) 1921. 











574 












































and 


31 


Sur: 


29 
3 


LICE. 


and 


17:7 


abdominal lymph nodes,*’) thymus,*! mediastinum,’* heart,*’ hemo 
poietic system 

The invasion of the nervous system in Hodgkin's disease first 
reported by Murchison *° has since been noted by many observers, 
among whom were: Goodhart,*® Gowers,!® Osler,'? Welch,** Ziegler, 
Longcope,’® Askanazy,** Dietrich,*® Schmorl,*” Sternberg,’’ Hecker and 


Fischer,*! Weber,!? Holmes,*® Pancoast,*! Saalfeld *° and others. 
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It is true that in the majority of instances 


the invasion ot the 


vous system was overshadowed by the extensive pathologic changes 
the lymph nodes and viscera. That occasionally, however, the clinical 
rse mav be dominated almost entirely by the attack on the nervous 
tem, is attested by the cases of Goodhart,*” Askanazy,**> Hecker and 
cher *! and Walthard."' 

However, in spite of the foregoing reports, the impression is still 
lely prevalent among physicians that the nervous system is so rarely 
olved in Hodgkin’s disease as to be ignored in the differential diag 
is of diseases of the nervous system. Not only did I fail to see 
lekin’s disease mentioned in the standard textbooks on diseases of 


nervous system, but even in the excellent recent monograph of 
berg * on “Tumors of the Spinal Cord,” the condition is ignored 
pletely. 

It, therefore, will be of considerable interest to report a series of 
of thirty-six patients with Hodgkin's disease observed at Monte- 
e Hospital during the years from 1914 to 1925, in which definite 
ision of the nervous system was a striking clinical phenomenon. 
ie of these cases, which were of unusual clinical interest, will be 


irted in detail, while those of lesser value will be but briefly described. 


REPORT Ol CASES 


“ASE 1.—History.—N. S., a man, aged 47, was admitted to the neurologica 
vice of Montefiore Hospital, Aug. 16, 1923, with a diagnosis of possible cord 
In May, 1921, the patient suddenly developed intense itching over the 

il surface of his left forearm. There was not any visible eruption over the 
of irritation. A few weeks later, a similar condition developed over the 
upper outer thigh and scrotum. The itching was most intense at night, 
rfering with sleep. For two years the pruriginous condition continued un- 
ited and was relieved only occasionally by local medication. In the mean- 
ile other symptoms appeared. In May, 1922, one year aiter the onset of the 
iritus, the patient commenced to develop asthenia, fatigability and dyspnea on 
zht exertion. These symptoms grew slowly but progressively worse until 
1923, when he was suddenly seized with severe cramplike, nonradiating 
nin the upper part of the abdomen. He immediately consulted a physician, 
) diagnosed his condition as gastric ulcer. A roentgenologic study of the 


tire gastro-intestinal tract failed, however, to reveal any lesion. The abdom- 

il pain kept recurring, and two or three weeks after onset, it began to radiate 

steriorly to the dorsal spine. The colicky character gradually changed to 
sharp, cutting and stabbing pain which radiated from the lower dorsal spine 
ripherally to the abdomen and down both lower extremities to the toes. 

In June, 1923, the patient was admitted to a prominent hospital in New York 
here, after several weeks of observation and a most exhaustive study, includ- 
ng roentgen-ray examination and serologic tests, a diagnosis of spondylitis 
is made. The patient’s condition gradually grew worse. In July, 1923, he 
egan to develop symptoms of paraplegia and became bedridden. On Aug. 8, 
1923, he was admitted to the neurologic service of Montefiore Hospital. 

46. Walthard, K. M. (footnote 35). 
47. Elsberg, C.: Tumors of the Spinal Cord, New York, Paul B. Hoeber, 
1924 
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Examination.—The patient was moderately pale but well nourished in the trunk 
and upper extremities. His chest, lungs and heart were normal. On abdominal 
palpation, he revealed an enlargement of the spleen to 1 inch below the cost 
margin and a moderate enlargement of the liver. 

Neurologically, he revealed an almost complete motor paralysis and a loss 
sensation in both lower extremities with sphincteric involvement. There w 
atrophy of the muscles of the thighs and legs. Hyperesthesia and hypalgesia wet 
present from below up to the sixth and seventh dorsal segments 


Roentgen-ray studies of the skull, spine, chest and gastro-intestinal tract fail 


elicit any gross lesions. The blood and spinal Wassermann tests were neg 
tive Che spinal tluid showed a slight increase in pressure but did not preset 
ther abnormalities \ study of the blood chemistry and a colloidal gold te 
failed to reveal any abnormality. A blood count showed: red blood cells, 3,600,001 


hemoglobin, 75 per cent; white blood cells, 11,600; polymorphonuclears, 55 p 
cent; small lymphocytes, 15 per cent; large lymphocytes, 28 per cent; eosi1 
phils, 0.5 per cent; myelocytes, 1.5 per cent. 


Treatment and Course \iter four weeks of observation, study and consult 
tion with the heads of several departments, the consensus of opinion, with o1 
exception, was in favor of a spinal cord neoplasm and operative intervention 


On Sept. 19, 1923, a laminectomy revealed an extradural tumor, 8 cm 





igth, lying between the third and the seventh dorsal vertebrae. Its upp: 
and lower poles were detined sharply. Its surface was smooth and glistenin 
The laminae overlying the tumor were intact with the exception of those 
the sixth dorsal, which were eroded. The lateral limits of the tumor were 
defined, the neoplasm apparently extending circumterentially all around 
cord. The thickened portion of the tumor measured about 2 cm. The du 
and cord were compressed but not invaded by the neoplasm. However, o1 
an incompiete removal of the tumor was possible which on pathologic examin 
tion was reported as a sarco-endothelioma (fig. 1). 

The patient made an uneventful recovery, and a few days after the oper: 
tion was able to move his lower extremities actively in bed. The sphincte 
involvement, however, continued and radiotherapy was decided on. 

On Jan. 20, 1924, the patient received his first radium application in tl 
form of a pack over the dorsal spine at the site of the operation. This wa 
repeated about once a week, in fractionated doses until Aug. 23, 1924. Ther 
was moderate improvement in the paraplegic symptoms until July, 1924, whe 
he began to have remittent fever up to 102 F. He also developed generalize 
enlargement ot the lymph nodes and spleen. 

\ biopsy of the enlarged inguinal lymph nodes showed pathologic chang: 
similar to those of the extradural neoplasm (fig. 2). Both specimens were sul 
mitted to Dr. James Ewing, whose diagnosis was Hodgkin's disease. 

The patient grew progressively worse, and died with symptoms of gen 
eralization and severe secondary anemia. Autopsy was not permitted. 


Comment.—Among the the many features of clinical interest pre 
sented by this case, the diagnostic are the most instructive. For one 
year persistent pruritus was the only symptom present before the 
advent of constitutional symptoms—asthenia, fatigability and dyspnea 
on exertion. At the end of two years after onset, the initial symptoms 
or paraplegia appeared, simulating the symptoms in a gastric ulcer. The 
paraplegia was believed to be caused by a tumor of the cord; this 
belief was verified on the operating table. There was not any sug- 
gestion of Hodgkin’s disease even after the pathologist's first diagnosis 


of sarco-endothelioma. Only when generalized lymphadenopathy devel- 
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oped was Hodgkin's disease suspected, and biopsy showed that this 
condition was present. 


Why did this delay in diagnosis occur in a case which presented 
ighly suggestive clinical symptomatology of Hodgkin's disease with 
plegia, which has been deseribed in the literature by Goodhart, 


Longeope, Parkes-Weber,*? Sternberg,’’ Askanazy ** and 





ig. 1 (case 1).—Spinal cord neoplasm showing hyperplastic cellular stage 


Hodgkin's disease. 


The answer to this question involves the consideration and solu- 
tion of two most important problems: one local and the other general. 

The local problem involves the widely prevalent, erroneous, anti- 
quated view that Hodgkin’s disease is pathologically as well as clinically 
“an affection of the absorbent glands and spleen,” with occasional 
deposits in other viscera. The abundant evidence previously detailed 
of the protean aspects and primary or predominant clinical localization 
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of Hodgkin's disease in practically every organ or tissue in the body, 
is still ignored in our textbooks and systems of medicine. It was, 
therefore, the absence of the stereotyped clinical picture of demo: 
strable primary enlargement of the Ivmph nodes which warded off 
the suggestion of Hodgkin's disease in this case, even though th 
enlargement of the liver and spleen, the secondary anemia, fatigabilit 
and dyspnea on exertion and the pruritus pointed to Hodgkin's diseas 


as a possible cause of the paraplegia. 





Inguinal lymph node showing hyperplastic cellular stag 


Fig. 2 (case 1 


ot Hodgkin's disease. 


The general problem is one of the most important and fundamenta 
in clinical and institutional medicine; namely, the proper taking of th 
clinical history by the intern staff of hospitals and medical clinics. In 
medical institutions, public as well as private, the taking of the clinical 
history is most frequently if not invariably relegated to the care of 
the junior or senior intern, whose clinical experience is still immature 


and incomplete, and whose familiarity with the rarer types of disease 
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to sav the least, extremely limited. Furthermore, in the rush of 


routine work and the manifold duties devolving on the intern, the 


tient is not always allowed sufficient time to give a full and detailed 
count of his symptoms; nor is the intern sufficiently equipped to 
ke a complete investigation of the minor symptoms, which are 
tally slighted, but which may sometimes be the important ones to 
the clue to the diagnosis in a difficult case. 
In the case under discussion the initial history obtained by the 
ern was that of an acute condition with rapidly developing para 
na. The pruritus of two years’ duration and the progressive 


henia, fatigability and dyspnea on exertion antedating the paraplegia 
S : I | 


not appear in the early records of the history of the case. Only 
en the biopsy suggested the pathology of Hodgkin’s disease did 
eful questioning elicit spontaneously the highly suggestive diagnostic 
iptoms of Hodgkin's disease as detailed in the later published 
rds. The important lesson derived from the study of this case 
the need for thorough clinical historical investigation by the experi- 
ced members of the visiting and consulting staff of hospitals and 
nics. A physical objective examination alone is not always sufficient 
establish a correct diagnosis in a difficult case. Certain symptoms 
ristered in the patient’s consciousness may be as highly diagnostic or 
en more so than many objective signs demonstrable to our unaided 
even to our aided senses by all the modern laboratory methods of 


ienostic precision. 


Case 2.—History—M. S., a woman, aged 32, was admitted to Montefiore 
spital on April 16, 1925. Three years before admission she began to suffer 
m migrating pruritus in various regions of her body The pruritus was 


ense and marked at night, interfering with sleep. A visible eruption was not 
esent except when it was induced by vigorous scratching. A month or two after 
t, she commenced to make the rounds of private physicians and various 
ll known dermatologic clinics. A local skin condition was diagnosed and 
dication prescribed accordingly. When the remedies failed to relieve, 
rvousness” was blamed for the persistency of the pruriginous condition in 


absence of any visibly demonstrable skin lesions. 

\fter two years of persistent pruritus, other symptoms began to appear. 

April, 1924, she noted slight and painless enlargement of her right cervical 

mph nodes. Gradually, she began to develop asthenia and anorexia. In 
eptember, 1924, she was suddenly seized with severe pain in her lower cervical 
nd upper dorsal spine, radiating girdle-like peripherally. For three days the 

1in was acute and recurring; it then lessened gradually. With subsidence of 
€ pain, progressive weakness of both lower extremities developed. At first 

e right limb felt heavy and weak and later the left. She commenced to 
tumble, and her gait became dragging. Toward the middle of December, 
lefinite paraplegia set in with sphincteric involvement—incontinence of urine 
ind obstinate constipation. 

On Dec. 18, 1924, she was admitted to a well known New York institution 
vhere physical examination revealed spastic paraplegia with a sensory level 
it the fourth dorsal segment to touch, pain and temperature. Vibration was lost 
to the costal border. Position sense was retained even in the toes. There 
was definite tenderness of the spine in the fourth to the sixth dorsal segment. 
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Examination of the spinal fluid was negative except for a 3+ globulin reaction 
\ blood count showed a slight secondary anemia. Roentgen-ray examinatio1 
ot the chest revealed the right diaphragm considerably higher than the left and 
the superior and posterior mediastinum filled with a large massive shadow 
probably caused by a new growth which had pressed the heart downward and 
to the left. 

A diagnosis of extradural spinal cord tumor was made, and surgical inte: 
vention was decided on. At operation an extensive extradural tumor wa 
found. It reached from the second thoracic laminae to below the fifth. The 
lower limit was not determined. The gross appearance ot the tumor was that ot 
sarcoma. Removal was not attempted 

Following the operation, the patient received several roentgen-ray treatment 
over the spine without any resulting improvement. On April 16, 1925, she wa 
transierred to Montefiore Hospital. 

Physical Examination—On admission, examination revealed a well nourishe 
slightly pale, young woman. Her skin was darkly pigmented but did not pre 
sent any eruption. There was an enlarged lymph node, the size of a lim 
bean, in the right cervical region 

The chest showed dilatation of veins in the infraclavicular regions, in tl 
right side more than in the left side. There was marked upper retromanubri 
dulness, caused by a large mass in the upper mediastinum demonstrated 
roentgen-ray examination. The heart did not present anything abnormal. He 
pulses were equal; the blood pressure was, systolic, 110, diastolic, 70. 

The abdomen was tense and rigid. The liver and spleen, on percussiot! 
were apparently enlarged. Both lower extremities were spastic, flexed an 
held in abduction. Both large toes were held in extension, and on touch bot 
extremities began to go into clonic tremor. 

On April 27, 1925, cervical lymph nodes were removed for pathologic exam 
ination (fig. 3). Dr. Seecof’s report was: “Lymph nodes show striking dit 
fuse fibrosis with areas of hyaline scarring. Complete loss of architecture 


No germinal follicles. There are foci in which there are densely packe: 
lvmphocytes, numerous endothelial cells and an occasional endothelial giant 
cell. No eosinophils. Diagnosis, Hodgkin’s disease, or lymphosarcomatosis 


The slide was submitted to Dr. James Ewing, whose diagnosis was Hodgkin’ 
disease. 

On May 9, 1925, the patient was examined by Dr. Abrahamson, who reported 
“The signs point to a high dorsal transverse myelitis which, in view of the 
history, is most likely due to Hodgkin’s disease.” 

Treatment and Course—The same day high voltage roentgen-ray treatment 
ot the spine and mediastinum was started and repeated until March 10, 1925 
three erythema doses were given over each area. The result was slow, moderat 
recession of paraplegia symptoms toward the end of 1925. The patient ha 
regained control of urination. She could flex and extend her knees and coul 
help herself out of bed on an invalid’s chair, but she still showed considerable 
spasticity of her lower extremities. She was unable to stand up or sit up i 
bed without supporting herself with her hands. Her rectal sphincteric con 
trol had not been regained. The mediastinal mass had receded but slightly. 

At present the patient is in excellent physical condition, but mentally she is 
miserable because of her incontinence, and because she has to remain in bed 
or be wheeled in a chair. 


Comment.—The chief points of interest in this case are both diag- 
nostic and therapeutic. As in case 1, an imperfect history of an 
acutely developing neurologic condition led to a diagnosis of a primary 
spinal cord neoplasm. At operation the tumor was found to be irremova- 
ble. Roentgen-ray therapy thoroughly carried out resulted in only 
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ht relief of the paraplegia. This emphasizes the great importance 
early diagnosis and early radiotherapy in Hodgkin's disease, especially 
when the nervous system is involved. Notwithstanding the fact that the 
ms in Hodgkin's disease are among the most sensitive and responsive 
radiotherapy, this is true only in the stage of hyperplasia and 
dant cellularitv. In the late stages of Hodgkin's disease when 


ked fibrotic changes are present, little if anv effect can be expected 





Fig. 3 (case 2).—Cervical lymph node showing commencing hyalinization 
Hodgkin's disease. 


m either radium or roentgen-ray treatments. This is true especially 

lesions of the nervous system in which invasion or compression of 
the nervous elements for any length of time leads to irremediable 
degenerative changes which may persist even after the original damaging 
cause is removed. 

Case 3.—History—A man, aged 29, a patrolman, was admitted to Montefiore 


Hospital, April 13, 1922, with a diagnosis of tuberculosis pleurisy with effusion 
and possibly Pott’s disease of the spine. In February, 1921, while on night duty 
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during a heavy snow storm, the patient slipped and _ fell, 


striking the low 


part of his spine. He was dazed but not unconscious. He lay for a few n 
utes with his left heel pinned under his spine, unable to rise until he 
isted by pedestrians. He continued on duty during the rest of that nig 


ass 


and did not experience any difficulty in walking. The next day the calf of 


left leg became swollen and paintul. Although he was able to walk, the ps 
in his leg was considerable, and he stayed away from duty for the next thi 
weeks. He then felt apparently well for several weeks until April, when he 


suddenly awakened one night by severe sharp pain in the lower spine radiati 
laterally to both sides. The pain was most severe over the site of the fort 
injury. For one month it kept recurring, worse at night, interfering with sl 
foward the end of May, the pain disappeared completely. He felt perie 
well for the next three months until August, 1921, when the pain recurred 
a most aggravated form. It was severe and constant day and night. Seve 
physicians were consulted, but the diagnosis was doubtful, and the various 

edies tailed to relieve. Accordingly, he was admitted to a general hospital 
New York City, where he remained under observation for six weeks. A c 
plete study failed to furnish any clue to the underlying cause of his sympt« 
] 


Gradually the pain grew agonizing and began to radiate down both lo 


extremities. Repeated hypodermic injections of morphine had to be reso 
with but temporary relief. 

Discouraged because of the lack of improvement, the patient left the inst 
tion to return home There his symptoms grew progressively worse. 
October, 1921, he began to develop signs of spastic paraplegia with sphinct 
involvement. In November, he was admitted to one of the largest hospital 
New York City where, after an exhaustive study, a definite diagnosis was 
made. The consulting neurologist favored a diagnosis of Pott’s disease of 
spine, while the consulting orthopedist inclined to a neurologic diagnosi 
probably spinal cord neoplasm. 

loward the end of December, 1921, there was a gradual spontaneous ret 

sensation in the thighs and partial regain of bladder control. In the ea 
part of 1922, there was also partial return of power in both lower extremit 

In March, 1922, when he had recovered almost completely from his spa 
paraplegia, he suddenly developed pain in the right side of his ch 
accompanied by cough, fever and dyspnea. With the onset of his respirat 
symptoms the long delayed diagnosis was finally pronounced as pulmo: 
tuberculosis with pleuritic effusion and Pott’s disease of the spine, and he 
transferred to the tuberculosis division of Montefiore Hospital, in the ser 
of Dr. Maurice Fishberg. 


Examination—On admission, April 13, 1922, the patient was found 
nourished and did not appear acutely ill. There was a pleural effusion fill 
one half of the right side of the chest. The heart was displaced to the left 

Neurologic examination by Dr. Abrahamson revealed a belt of hyperesth« 
from the eighth to the twelfth dorsal segment on both sides, most marked fr: 
the eighth to the tenth. Below this hyperesthesia there was an area of norn 
sensation except in the fifth lumbar. The perianal area was normal. Cremast 
reflexes were present, which were greater on the left side than on the rig! 
There was constant extensor position of the left big toe. Points of exquisi 
tenderness to deep pressure and to percussion were present corresponding 
the ninth dorsal spine and fourth lumbar. Edema was not present; no gibbt 
Vibratory sense was diminished from the knees down on both sides and w: 
lost in the perianal area. There was general motor weakness in the iliopso 
group and flexors of the thighs. There was a slight tendency to foot drop on 
the right side. There was an overflow incontinence of urine. 

Tentative Conclusion—This was a lesion of the bone or periosteum at the level 
of the eighth or ninth dorsal segment with a possibility of a secondary level at 
the fourth lumbar segment. Whether the lesion was tuberculous, as pleuris) 
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effusion might indicate, or sarcomatous, could not be decided definitely 
ut roentgen-ray examination. 
he next day, April 18, roentgen-ray examination of the spine was neg- 
for bone disease. The chest showed a dense homogeneous shadow 
ing the entire right pulmonary field. The middle third of the shadow 
slightly denser than the rest. The heart and mediastinal contents were 
laced to the lett. 
\pril 26, 1922, Dr. Maurice Fishberg expressed the opinion that, “The roent 
ray observations are highly suggestive of a mediastinal tumor, the nature and 
of which are undetermined.’ The same day, for the first time in his 


} 


e patient developed a severe epileptiform convulsion with marked froth- 





t the mouth and biting of his tongue. During the next few weeks he 
ed from dull, frontal headaches radiating to the vortex 

the first time enlargement of the right supraclavicular and of the left 
ry lymph nodes was noted. A biopsy of one of these nodes resul i 
ienosis of Hodgkin's disease 

ise of Illness —The further course of this case, with the exception of 

re spontaneous remission of a few months’ duration was characterized 
mptoms of generalization, marked mediastinal and pulmonary involve- 
recurring severe pain in the spine and occasional severe epileptitorm 
ilsions. Three days before his death, the patient developed a low mutter- 
lelirium, in which he died 


omment.—The remarkable features of clinical interest in this 

were: (1) the mode of onset with severe pain suggesting at first 
1umatic spondylitis and later a transverse myelitis; (2) the repeated 
ntaneous remissions ; (3) the development of mediastinal and pleuro- 
ionary involvement while the spastic paraplegia was apparently 
ing up spontaneously, and (4) the repeated attacks of epileptiform 
vulsions which suggest invasion of the brain. 

Until recently all the cases of Hodgkin's disease with epileptiform 
vulsions failed to show the specific pathologic process in the brain. 
thin the past few years, Hecker and Fischer,*’ Askanazy,** Saalfeld *° 


43 


Holmes ** reported the definite pathology of Hodgkin’s disease 


the brain and meninges. 


ASE 4.—History—yY. T., a woman, aged 40, was admitted to Montefiore 
pital on Aug. 14, 1920, and died Jan. 5, 1922. 
n March, 1917, she experienced severe pain over the right shoulder. Two 
iree months later similar severe pain developed in the left thigh. Associated 
h the pain in the thighs were severe itching and asthenia. Anorexia and 
of weight followed gradually and became progressive 
[wo and a half years after the onset of the pain in the right shoulder, evi- 
ce of mediastinal involvement and enlargement of the cervical lymph 
des was noted. In December, 1919, the patient was admitted to Mount Sinai 
ospital, New York, where a biopsy of a lymph node showed Hodgkin’s dis- 
ease, and roentgen-ray examination revealed involvement of the spine and 
p lvic bones. 
She died with symptoms of generalization on Jan. 5, 1922. 


} 


{utopsy.—This revealed numerous scratch marks on the skin and a large 
bulging mass on the anterior surface of the vertebral column in the region of 
the third, fourth and fifth thoracic vertebrae. On section it was found to consist 


ot yellowish, granular, necrotic tissue replacing about one half of the anterior 
portion of the vertebrae. A large bulging mass present over the right iliac 
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ne consisted of similar necrotic tissue which almost completely replaced thx 
posterior upper portion of the ilium. On the left, almost the entire ilium, 
including the acetabulum and a portion of the ischium, was destroyed and 
replaced by similar yellowish necrotic tissue. The cartilage of the head of th 
femur was not involved, although flowing freely in a brownish fluid pus. Thy 
anatomic neck, however, was eroded. 

During removal of the brain, a large bulging mass was found anteriorly a: 
to the left of the cerebellum. On section, yellowish necrotic material w 
found to replace almost the entire body of the occipital bone and the body 





Fig. + (case 4).—Hodgkin’s tumor mass in iliac bone showing necrosis a 


fibrosis. 


the sphenoid. The right mastoid was filled with a greenish, purulent materia! 
The brain, on section, did not show any abnormalities. 

In addition, lesions were found in the bone marrow, pharynx muscles, pa! 
creas, lungs, spleen and lymph nodes. 

Microscopic Examination—Many sections of lymph nodes showed combined 
lesions of Hodgkin's disease and lymphosarcoma. In some there was 
marked fibrous proliferation and endothelial cells of the Dorothy Reed type 
and a few eosinophils; in others, the normal architecture of the gland was 
destroyed, the lymphocytes closely packed, with little or no fibrosis. In al? 
sections there were large areas of necrosis. 























GINSBURG—HODGKIN'S DISEASE 585 


Comment.—The chief point of clinical interest in this case was 
extensive lesions in the osseous system which were probably the 

st to give rise to the neurologic symptoms of pain in the shoulder and 

in) the thigh two and one-half years before the superficial cervical lymph 


les became enlarged. 


asE 5.—A man, aged 33, was admitted to Montefiore Hospital on April 3, 
and died on July 21, 1918. 





Fig. 5 (case 4).—Detail showing high magnification of fibrotic area in 
Hodgkin's disease of iliac bone. 


The onset of the present illness was during the early part of 1915 with 
symptoms of grip followed in a few weeks by excruciating pain in the lumbar 
region, radiating anteriorly to the abdominal wall. The pain was intermittent 
ind was worse at night. For a period of two years, he made the rounds of 
private physicians and well known hospitals. The diagnosis was doubtful, 
and the patient failed to obtain relief. In 1917, he was admitted to a large 
general hospital, where a diagnosis of focal infection was made; his tonsils 
were removed, and a few teeth were extracted. When improvement was not 
noted at the end of a few months, he was sent to Mount Clemens to be treated 
for supposed chronic rheumatism. There his general health improved and he 
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gained some weight, but his cervical lymph nodes began to enlarge. This was 
soon followed by a similar enlargement of his inguinal lymph nodes, 
accompanied by marked pruritus. He commenced to decline rapidly with 
signs of generalization of the condition in the chest, abdomen and_ possibly 
in the brain. A biopsy of one of the nodes showed “classical Hodgkin's disease 


Comment.—This case illustrates strikingly how Hodgkin’s disease 
may remain clinically “localized” in an osseous region and give rise t 


the one neurologic symptom—pain—for more than two years befor: 





Fig. 6 (case 4).—Hyperplastic cellular stage of lymph node in Hodgki 
disease with commencing fibrosis. 


the appearance of an enlargement of the lymph node and may so strongl\ 
simulate a mere local neuritis or arthritis that it may baffle detection 
even in an institution in which all the modern aids to diagnosis are 
used. 

Case 6—A woman, aged 24, referred in consultation by Dr. D. Luttinge: 
of New York, was seen for the first time on March 22, 1924. This patient was 
in perfect health until January, 1923, when her friends noticed that she was los- 
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veight. For the next eight months the only other symptom present was a 
progressive and unaccountable asthenia. In August of the same year she 
enly developed simultaneous itching of the soles of both feet. In one week 
extended upward and involved symmetrically both legs to the knees. The 
tus was most intense, especially at night. This continued unabated for on 
when she was seized with violent lancinating pain commencing in the 
houlder and radiating down to the finger tips. Simultaneously with the 
of the neuralgia she felt the presence of two small lumps in the leit 
In October, she developed severe recurring pain in the epigastrium 


vovember, she became jaundiced. A biopsy of one of the nodes showed 
rkin's disease. She ran a progressive downward course, little influenced 
diotherapy. Toward the end of her life she, developed herpes zoster and 


facial paralysis. Autopsy was not performed 


ynment.—The most interesting feature neurologically was the 
arance of simultaneous itching in both feet extending to both knees. 
demonstrates how in some cases pruritus may be caused not by a 
skin lesion, but by invasion or compression of sensory nerves at a 


nee from the site of irritation. 


7.—A woman, aged 34, was admitted to the hospital on June 11, 1923, 
ied on April 30, 1924. In the early part of 1917, she commenced to have a 
ing pain in the left upper quadrant of her abdomen. Several months later, 
onsulted a physician who found her spleen enlarged. The pain persisted 
uur years until the spring of 1921. At this time, following an acute sore 

she developed swelling of the cervical lymph nodes followed in quick 
sion by similar enlargement of the axillary, epitrochlear and inguinal 


July, 1921, she was admitted to Bellevue Hospital, where a biopsy of one 
nodes showed Hodgkin’s disease. From there she was referred to the 
‘rial Hospital, where she received radium and roentgen-ray treatments 
improved for a while until January, 1922, when she began to develop symp- 
of spinal irritation. This kept growing slowly but progressively worse 
next sixteeen months. In April, 1923, a complete spastic paraplegia 
sphincteric involvement was definitely established 


June, 1923, she was admitted to Montefiore Hospital. There she ran 
ring attacks of remittent fever and never recovered from her spastic 
ae 
piegia 


July, 1923, she developed a profuse herpetic eruption, at first over the 
region on the upper right side, in the distribution of the level of the third 
e fifth dorsal segment, which later spread over the entire body, giving the 
arance of typical chickenpox 
onsultation with the members of the neurologic and dermatologic staff 
ilted in a diagnosis of Hodgkin’s disease invading the posterior root 
glions, with herpes as a secondary condition 
She died with symptoms of profound asthenia on April 30, 1924 
\utopsy revealed extensive tuberculosis and retroperitoneal Hodgkin's or 
phocarcomatosis 


Comment.—Of the many features of clinical interest, I shall empha- 
size only the apparent primary clinical localization in the spleen four 
years before the appearance of superficial lymph node involvement, and 
the importance of treating the spine and retroperitoneum early in the 
development of paraplegic symptoms. 
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DIAGNOSTIC CONSIDERATION 
\ review of the literature and an analysis of thirty-six cases observed 
at Montefiore Hospital during the years from 1914 to 1925 provid 
proof of the systemic dissemination and protean manifestations oi 
Hodgkin’s disease. These studies, furthermore, furnish incontestable 
evidence that although in a large percentage of cases the first visible 
lesions occur in the superficial lymph nodes and spleen, this does mn 
prove the primary localization in the lymph nodes, nor does primar 
lymph node invasion occur as frequently as is generally believed amon 
physicians. In a considerable proportion of cases, the predominat 
lesions in Hodgkin’s disease, as previously pointed out, apparently m 
occur primarily and predominantly in any tissue or organ and not 01 
in the glands. Hence Hodgkin’s disease may at times simulate 
variety of local or systemic disorders and may present great diagnos' 
difficulties. To arrive at an early tentative diagnosis of Hodgkin's d 
ease in the absence of any enlarged lymph nodes, a knowledge of t 
protean manifestations of this malignant malady is absolutely essenti 
In the absence of any specific diagnostic tests for Hodgkin’s disea 
with the single exception of the characteristic microscopic changes 
the microscopic slide, which is not always obtainable, a probable clini 
diagnosis can be made only on the basis of a thorough clinical histo 
and a most complete physical examination supplemented by laborato 
aids. In a differential diagnosis of Hodgkin's disease of the bo 
cavities or the internal viscera, many diseases will have to be exclud: 
before a probable diagnosis can be made. As the object of the pres 
study was primarily to emphasize the protean nature and the frequen 
and clinical manifestations of Hodgkin’s disease in the nervous syste! 
an attempt will not be made here to enter into a discussion of t 
various differential diagnostic and clinical criteria of this disease. T! 
has received extensive consideration in the publications previously mx 
tioned, and the reader is referred to them for such information. Thi 
is one diagnostic test, however, which is considered exceedingly imp¢ 
tant to emphasize, namely, the radiotherapeutic diagnostic test. Sin 
the appearance of the original articles of Pusey * and Heineke,*® tl 
exceeding radiosensitiveness of both pathologic and normal lymphoid 
tissues to radium and roentgen rays has become well known to all stu- 
dents of radiotherapy. The knowledge of this fact has at times be« 
utilized by radiologists to determine whether a given tumor by its read) 
response to a given dose of radiation is of lymphatic constitution or 
48. Pusey, William Allen: Cases of Sarcoma and Hodgkin's Diseas¢ 
treated by X-Ray, J. A. M. A. 38:166 (July) 1902. 
49. Heineke, H.: Ueber die Einwirkung der Roentgenstrahlen auf Tiere, 
Miinchen med. Wehnschr. 50:2090, 1903; ibid 51:785, 1904. 
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ein.” In Hodgkin’s disease, before extensive fibrosis has occurred, 
radiotherapeutic test can be of great help in causing a rapid and 
ided disappearance or diminution of the symptoms and objective 
s of the disease. 

\ therapeutic test of this character may perhaps be objectionable in 
erficial enlargements or lesions when a biopsy and a microscopic 


‘may render a positive diagnosis. In dealing with suspected lesions 





Hodgkin’s disease in the internal organs or body cavities, and espe 
ly in those of the central nervous system, the radiotherapeutic test 
nly may determine the radiosensitiveness of the morbid process and 
give a clue to the diagnosis, but also may prove the efficient early 
ns to prevent a paraplegia or a brain lesion. 


this thera- 


lhe following case is an illustration of the efficacy o 


ic diagnostic test. 


ASE 8—A woman, aged 27, reterred by Dr. J. Axelrod of New York, was 
din my care at the Van Cortlandt Hospital on Oct. 11, 1923. She had ar 
need case otf Hodgkin's disease of three and one half years’ duration. On 
ssion she was markedly emaciated and anemic, with dark pigmentation ot 
ntire body. The superficial lymph nodes were moderately enlarged. There 
ediastinal and pulmonary involvement. In the upper part of the abdomen 
was a large, hard, tender, immovable mass. For months before admisior 
ad been running a remittent fever up to 103 F. Her condition was consid- 
too far advanced tor radiotherapy unless preceded by blood transfusion 
cordingly, on Oct. 16, 1923, she was given 500 cc. of blood by the Unger 
id, and the next day a small dose of roentgen-ray treatment was admin- 
1 to the inguinal region to test the therapeutic response and reaction t 
ition. She showed slight improvement until Nov. 12, 1923, when brain 
ement was evidenced by twitching of the muscles of the mouth and periods 
hasia. The next day she had a severe, generalized convulsion preceded by 
d shriek. The clonic movements lasted a few minutes and were accompanied 
thing at the mouth and biting of the tongue. For two days, the epilep 


m convulsions kept recurring in severe form. Liberal doses of sedatives 


idministered, without result 
\ diagnosis of Hodgkin’s disease of the left hemisphere of the brain was 
le. The localization was placed in the leit frontal area as suggested by 
aphasia and the shriek preceding the epileptiform convulsions. In view of 
eneral poor condition of the patient and the advanced state of the disease, 
ppeared probable that any recurring convulsion might lead to a fatal termina- 
\s a last resort it was decided to try high voltage roentgen-ray treat 
t. Knowing the exceeding radiosensitiveness of the early and cellular lesions 
Hodgkin's disease and their quick response to the intensive use of radium 
and roentgen-ray treatments, a full erythema dose of high voltage roentgen rays 
administered to the left side of the skull in one sitting 
The technic was: voltage, 200,000,000; filtration, copper 0.5 mm., aluminum 
1 mm.; milliamperes, 4; target distance, 50 cm.; portal, 15 by 15 cm.; time, 
minutes. The reaction was profound. Within the next twenty-four hours fol- 
ving the irradiation, there was a drop in temperature to 97 F. with a con- 
erable drop in pulse rate. During the remaining four weeks of the patient’s 





50. Blankenhorn, M. A.: Affections of the Mediastinum, Nelson's Loose Leaf 
Medicine 3:578, 1920. Evans, W. A., and Leucutia, T.: Deep Roentgen Ray 
Exposure as an Aid in the Differential Diagnosis of Mediastinal Tumors, 
J. A. M. A. 85:1215 (Oct.) 1925. 
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lite, she had convulsions only once, on Dec. 1, 1923, during the height of excite 
ment of a blood transfusion. 


Comment.—The most outstanding point of clinical and radiothera 
peutic interest in this case is the apparent response of the brain invasion 
to one strong therapeutic dose of the roentgen rays. The importanc: 
of high voltage roentgen-ray therapy not only as a therapeutic agent 
but also as a diagnostic test whenever lymphomatous or lympho 
sarcomatous lesions in the brain or cord are suspected was thus striking] 
brought to light. 

THERAPEUTIC CONSIDERATION 


In any discussion of the therapy of Hodgkin's disease the follow 
ing cardinal facts must be kept clearly in view: 

The General Nature of Hodgkin's Disease—As proved abundant 
in the text, Hodgkin's disease is not merely a consideration of tl 
lymphatic glands and spleen, but rather a general disease with lo 
manifestations in different tissues and organs in different persons. 

The Toxic Element in Hodgkin's Disease —The toxic element 
this disease cannot be ignored. Specific hyperplasia of the reticul 
endothelial elements with or without lymphoid hyperplasia is only o1 
phase and one stage in the pathology of Hodgkin's disease. There a 
now on record a great number of cases of this disease which ran 
acute febrile course with toxic symptoms and then terminated fatal 
in trom several weeks to several months. In these cases the fat 
issue was caused primarily not by a_ proliferative compressive pl 
nomenon, but by a severe toxemia which presented all the characteristi 
of an acute infectious disease. \lthough in the chronic forms, tl 
toxic element does not always appear strikingly in the foregroun: 
its unmistakable presence is clearly evidenced in the frequency of t 
recurring attacks of pyrexia,®’ the progressive anemia and cachexia at 
the frequently demonstrable foci of necrosis and amyloidosis in tl 
specific lesions of this disease. 

Fibrosis and Compression Phenomena Extensive fibrosis of tl 
hyperplastic lesions in the late stages of Hodgkin's disease first note 
by Hodgkin himself has since been described frequently in the literatu1 
as the hard form of the disease. This extensive fibrosis may exist ii 

51. Heissen, F.: Zur Klinik der akuten Lymphogranulomatosis, Kli: 
Wehnschr. 2:1640 (Aug.) 1923. Levy F.: Ein Fall von akuter Lymphogranu 
lomatose in frtthen Kindesalter, Arch. f. Kinderh. 75:49 (Sept.) 1924. Hend 
ricks, W. W.: Acute Hodgkin’s Disease Following Herniotomy, Internat 
Clin. 3:217, 1921. Whillington, T. H.: Acute Hodgkin’s Disease with Involve 
ment of Internal Glands and Relapsing Fever, Quart. J. Med. 9:83 (Jan.) 191( 
Howell, A.: Acute Hodgkin's Disease, Practitioner 99:565 (Dec.) 1917. 

52. MacNalty, A. S.: Lymphadenoma with Relapsing Pyrexia, Quart. J. Med 
§:58 (Oct.) 1911. 
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rly large swellings which may press or contract on important organs 
structures and give rise to irremediable or fatal compressive phe- 
mena after the active proliferative process has become totally extinct. 
Severe Anemia and Cachexia in the Advanced Stages of Hodgkin's 
euse.—The toxic factor may cause a severe anemia early in the course 
the disease which may simulate a frank pernicious anemia. Usually, 
wever, marked secondary anemia and cachexia indicate prolonged 
xemia with severe damage to the entire hemopoietic system. . This 
uently 1s present simultaneously with extensive areas of necrosis 
| fibrosis in the formerly cellular and hyperplastic specific lesions 
Etiology in Hodgkin's Disease Unknown.—Nearly a century aiter 
dekin’'s first description ot the disease, its etiology still remains 
cure, and a specific form of treatment has not been discovered 
Chemotherapy and surgical intervention, which have been tried out 
] 


tensively for a number of decades, have proved disappointing either 


curative or palliative measures. The most efficient local treatment 
Hodgkin's disease universally recognized today is of radium and 
roentgen-ray treatment. The effect of both of these forms of 
lant energy is prompt and efficient in influencing the cellular pro- 
rative manifestations of this disease. Even bulky growths and 
ltrations have been noted to disappear or regress promptly under 
iotherapy, with great symptomatic relief not only of the compressive 
enomena but at times also of the accompanying toxemia. 
\lthough permanent cure has not been reported, prolongation of life 
many months and vears has been noted by many observers. 
53. Halix. O. (footnote 34) 
54. Lubarsch, O Die Lymphogranulomatose, Aschoff's Path. Anat. 2:578, 
3. Kaufmann, E.: Lymphogranulomatose, Path. Anat., Berlin-Leipzig 1: 
1922. Ewing: Neoplastic Diseases, Philadelphia, W. B. Saunders Com 
1922. Cunningham, W. F.: The Status of Diphtheroids with Special Ret 
nce to Hodgkin’s Disease, Am. J. M. Sec. 153:406 (March) 1917. Beifeld, 
I Present Status of Hodgkin’s Disease, Am. J. M. Sc. 155:409 (March) 
18. Cunningham, W. F., and McAlpin, K.: Experiments with Hodgkin's 
isease; An Attempt to Produce it in Anthropoids and Other Monkeys, Arch 
Med. 32:353 (Sept.) 1923. Lemon, W. S.: Tuberculosis as an Etiological 
factor in Hodgkin's Disease; A Historical Review, Am. J. M. Sc. 167:178 
Feb.) 1924. Stewart, M. J., and Dobson. J. F.: Inoculation and Implantation 
xperiments in Monkeys with Glands from cases of Hodgkin's Disease, Brit 
Exper. Path. 5:65 (April) 1924 
55. Simmons, C., and Benet, G.: A Report on the Cases Observed at the 
ollis P. Huntington Memorial Hospital from April, 1913, to July, 1916, with 
Special Reference to Treatment with Radium and X-Rays, Boston M. & S. J. 
177:819 (Dec.) 1917. Levin, I.: Action of Radium and Roentgen Rays on 
Normal and Diseased Lymphoid Tissue, J. A. M. A. 77:930 (Sept.) 1921. 
Schreiner, B. F., and Mattick, W. L.: Radiation Therapy in 46 Cases of 
Lymphogranuloma (Hodgkin’s Disease), Am. J. Roentgenol. 12:133 (Aug.) 
1924. Stone, W.: Treatment of Hodgkin’s Disease by X-Ray and Radium 
Based Upon a Study of 200 Cases, Canad. Pract. & Rev. 59:109 (March) 1924. 
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However, to obtain the best results with radium and the roentgen 
rays, radiotherapy must be properly and efficiently applied in the early 
soft or cellular stages before toxic degeneration has caused extensive 
fibrotic changes which have converted the lesions of Hodgkin’s disease 
into dense hyaline masses that are just as resistant to radiation as old 
scar tissue. In lesions of the nervous system especially, prolonged or 
severe mechanical compression alone even without an accompanying 
toxic process may result in destructive irremediable degenerative 
changes. 

A fair demonstration of what radiation therapy may achieve in som« 
cases in which paraplegia is present was recently reported by Weber.* 
\ patient with Hodgkin’s paraplegia was treated with roentgen rays 
over the site of the lesion. The paraplegia cleared up completely an: 
did not recur within the next five years. 

The following two cases are a further illustration of the possibilities 
and limitations of radiotherapy in Hodgkin's disease with neurologi 


sympt ms: 


Case 9.—History—A man, aged 46, was referred to the radium clinic 
Montefiore Hospital on Feb. 6, 1924, with a diagnosis of Hodgkin's diseas 
proved by biopsy. In the early part of 1921, he commenced to have burnin; 
and pressure pain in the epigastrium aggravated by food intake. Gradually | 
began to feel weak but did not lose any weight until the end of 1923. At thi 
time he developed severe pain in his upper dorsal spine and noted bilatera 
enlargement of the axillary nodes. He consulted a physician, who detecte: 
sugar in his urine. A diagnosis of diabetes was made, and no significance wa 
attached to the enlarged lymph nodes in the axilla. Shortly afterward the 
cervical and inguinal lymph nodes also began to enlarge. He began to los 
weight and strength rapidly, and developed a generalized pruritus 

E:xamination.—On physical examination the patient was pale and slightly under 
nourished. All the external superficial lymph nodes were greatly enlarged and i1 
places matted. The result of examination of the chest, lungs and heart was 
negative. Abdominal examination revealed enlargement of the liver to about 5 cn 
below the costal margin. The spleen and kidneys were not palpable. 

Blood examination revealed: red blood cells, 3,520,000; white blood cells 
4,700 ; polymorphonuclears, 66 per cent ; lymphocytes, 28 per cent; eosinophils, 3 per 
cent; myelocytes, 3 per cent. The blood Wassermann reaction was negative. Thi 
blood sugar content was 96 mg. per hundred cubic centimeters ; urea, 17.1 mg.; uri 
acid, 3.1 mg. Examination of the urine was negative for glucose and 2'bumin 

Treatment and Course-—On Feb. 11, 1924, high voltage roentgen-ray treatment 
was started and continued until Dec. 29, 1924. Altogether forty-four one-half 
erythema doses were given, averaging forty minutes a treatment. 

In April, 1924, the patient developed pain in the lumbosacral region radiating 
down both lower extremities to the ankles. His legs felt weak. He walked 
Bowing, H.: Value of Radium and X-Ray Therapy in Hodgkin’s Disease, 
J. Radiol. 2:20 (Dec.) 1921. Desjardins, A.: Radiation Treatment of Hodgkin's 
Disease with Particular Reference to Mediastinal Involvement, J. Radiol. 1:161 
(Noy.) 1923. Chaoul, H., and Lange, K.: Ueber Lymphogranulomatose und 
ihre Behandlung mit R6ntgenstrahlen, Mtinchen. med. Wehnschr. 70:725 (June) 
1923. Klewitz, F., and Lullies, G.: Beitrage zur Prognose des malignen Gran 
uloms, Strahlentherapie 19:1058, 1924. Desjardins, A.. and Ford, F. A.: Hodg- 
kin’s Disease and Lymphosarcoma, J. A. M. A. 81:925 (Sept.) 1923. 
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vith a stiff, shuffling gait suggestive of an osseous lesion of the lower part of 
is spine. There was some tenderness over the lumbosacral region. Grad 
illy, however, as radiotherapy was persisted in, all the symptoms and signs 
the disease retrogressed. 

Roentgen-ray treatment was discontinued on Dec. 29, 1924. The patient was 
examined on Dec. 6, 1925. He felt greatly improved in health and strength 
iring the past six months, he has worked regularly at his former occupation 
a painter and has felt well and strong. TI 

superficial glandular swellings. He does not suffer from respiratory symp 


ere has been no reappearance ot 


ms. He can walk up several flights of stairs without dyspnea. Examination 
the urine in July, 1925, failed to show any evidence of glucose, although 
had been on a full nonrestricted diet for many months prior to examina 
Nn. 
Physical reexamination revealed moderate pallor but no dyspnea, cyanosis 
edema. He could stoop forward and touch his toes without discomfort 
superficial lymph nodes were only slightly enlarged, discrete and hard 
heart showed slight acceleration but no other abnormalities. The lungs 
{| abdomen apparently were normal 


Case 10.—H stor) \ man, aged 46, was referred to the radium clinic of 
mtefiore Hospital on Aug. 29, 1923, with a diagnosis of Hodgkin’s disease 
rroborated by biopsy of a lymph node In August, 1920, three years before 


Imission, he commenced to have pain in both lower extremities on walking 
is became progressively worse in character until May, 1923, when he began 


icter, radiat! 


suffer from severe upper abdominal pain, cutting in. char 


ly to the spine. Simultaneously with the onset of his symptoms, he 





sterior 
radually lost weight and strength and became dyspenic on exertion 


Examination.—The patient was slightly cachetic and emaciated, moderately 
and cyanotic. All the superficial lymph nodes were greatly enlarged, pre- 
nting huge conglomerated masses. The parotid and submaxillary salivary 


inds shared in the pathologic process. Mediastinal involvement was elicited 

physical examination and corroborated by roentgenograms. In the upper 
irt of his abdomen there was a large, hard, immovable, tender mass, showing 
vasion of the retroperitoneal lymph nodes. The liver extended 4 cm. and 
e spleen 8 cm. below the costal margin. The patient walked with a shuff- 
ng gait as though he had lost the flexibility of the lower part of the spine 

Blood examination revealed: red blood cells, 4,800,000; white blood cells, 
1,000; hemoglobin, 50 per cent; polymorphonuclears, 68 per cent: lymphocytes, 
28 per cent, eosinophils, 4 per cent. The blood Wassermann test was neg 
tive 

Roentgen-ray examination of the spine was negative 

Treatment and Course—Immediately after admission, high voltage roent 
n-ray treatment was started and carried out systematically over the cervical, 
ixillary, inguinal, mediastinal and abdominal regions and over the entire spine 
luring a period of sixteen months, until Jan. 19, 1925, he received altogether 
ity-two treatments, each averaging forty minutes. The result was a gradual 
etrogression of all the lymph nodes and the liver and splenic enlargement 
There was moderate recession of the neurologic symptoms and apparently no 
urther progress of the involvement of the nervous system 

The patient was reexamined on Dec. 6, 1925, almost eleven months after 
the last roentgen-ray treatment. His general condition was fair. He presented 
no definite enlargement of his lymph nodes. His heart, lungs and abdomen 
ipparently were normal. His liver and spleen were not enlarged. His chief 
complaints were still neurologic: pain and weakness of both lower extremities. 
In spite of his subjective complaints, he was able to be up and about and could 
stoop forward and touch his toes without difficulty. 


Comment.—As important as the recognition that efficient radio- 


therapy in Hodgkin’s disease can be carried out only in the cellular 
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hyperplastic stage of the disease is the knowledge that this malady is 
protean and general in its manifestations. The successful attack on 
one hyperplastic proliferative focus means only greater vigilance for 
the stealthy appearance of other pathologic foci in the same or distant 
regions, tissues or organs of the body. <A patient with Hodgkin’s disease 
should remain constantly under expert medical and radiotherapeutic 
supervision, and the hyperplastic lesions should be treated in_ their 
incipiency. Only by such close vigilance can the life of the patient 
best be prolonged and safeguarded. Any general measure must not be 
neglected, such as dietetic, hygienic or tonic, which will enable the patient 


to make a more or less successful fight against this malignant disease. 


CONCLUSIONS 

Hodgkin's disease should no longer be defined as a specific enlarge 
ment of the lymph glands and spleen with occasional deposits in other 
viscera accompanied by a severe secondary anemia. It is a specific 
malignant general disease with protean manifestations in which any 
tissue or organ in any region of the body may become clinically, primarily 
and predominantly affected. Pathologically, Hodgkin’s disease is char 
acterized by a specific hyperplasia of the reticulo-endothelial elements 
wherever the invasion of the morbific agent or process occurs. Since 
the reticulo-endothelial system is coextensive with the entire body 
and is not confined merely to, although predominant in, the lympho 
hemopoietic system, Hodgkin’s disease may arise primarily, patho- 
logically as well as clinically, anywhere in the body tissues. The cellular 
proliferative stage of Hodgkin's disease is only one phase and one stage 
of the morbid process. Regressive changes—necrosis and _ fibrosis 
are invariable later stages in the development of the disease. Toxemia 
and anemia are the usual accompaniments of the disease at any stage, 
although they are most marked as the disease process advances. 

The invasion of the nervous system in Hodgkin's disease is by no 
means as rare as textbooks would lead one to believe. A review of the 
literature and my own cases have shown that the nervous system may 
become clinically, primarily and predominantly affected and give rise to 
symptoms for months and years before the occurrence of any demon- 
strable enlargement of the lymph nodes or spleen. In a series of thirty- 
six patient with Hodgkin’s disease observed at Montefiore Hospital 
during the vears 1914 to 1925, ten patients, or 27.7 per cent, showed 
invasion of the nervous system. 

Early diagnosis of Hodgkin’s disease of the nervous system can be 
made only on the basis of a thorough and complete study of all the 
clinical signs and symptoms present in a given case. A _ neurologic 





56. Aschoff, L.: Lectures on Path., New York, Paul B. Hoeber, 1924, p. 1. 
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amination alone, supplemented even by various laboratory tests 
rected exclusively toward the nervous system, may prove insufficient to 
stablish a diagnosis. In doubtful cases, therefore, the radiotherapeutic 
st may prove an important aid in diagnosis. The lesions in Hodgkin’s 
sease before extensive degenerative changes and fibrosis have set in 
exceedingly radiosensitive. A quick subsidence of pressure phe- 
mena not only may give a clue to the diagnosis, but also may relieve the 
tient of an early paraplegia or a brain lesion 
Karly diagnosis in Hodgkin’s disease of the nervous system is essen 
to prevent irremediable degenerative changes in the nervous 
ments. 
Radiotherapy, which is the chief measure in the treatment of this 
lignant disease, must be used early, for in the late fibrotic stages its 
cacy is nil. When used early and effectively, it may relieve a para- 
gia which may never recur, and thus spare the patient from a condi- 
n of incontinence and bed sores lasting through many months if 


vears. 
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SIMULATING INTERPOLATED EXTRASYSTOLES OF 


SUPRAVENTRICULAR ORIGIN * 
WILLIAM D. REID, M.D. 


BOSTON 


An electrocardiogram (fig. 1) was recently obtained, which on first 
examination appeared to contain interpolated extrasystoles of supra 
ventricular origin. Since such an occurrence, as far as I am aware, has 
not been demonstrated and furthermore is theoretically impossible, the 
tracing has been examined more carefully, and a different interpretatio: 
has been made. 

[In an article on interpolated extrasystoles, Myers and White ' state 

\n interpolated beat is a premature contraction of the ventricles which is n 
followed by a compensatory pause and does not disturb the dominant rhythm « 


the heart. It is impossible for auricular beats to be interpolated, because auricula 
premature beats are bound to disturb the dominant rhythm. 


One must take exception to the latter phrase, for occasionally on 
finds auricular premature beats followed by a full compensatory pause. 
In these instances the auricular premature beat must be so late, and the 
point from which it rises so distant from the sino-auricular node tha 
the contraction passing over the auricle from this abnormal (ectopic 
impulse center fails to reach the sino-auricular node before the latte 
has started a contraction wave. The two waves meet somewhere in thi 
auricular tissue and come to anend. Meanwhile the sino-auricular node 
which has, as is said, discharged itself, proceeds to build up new impuls 
material at the rate then obtaining in the heart, and starts the followin; 
contraction wave at exactly the time it would have if extrasystole ha 
not occurred. Thus the pause is fully compensatory, and the dominant 
rhythm of the heart is undisturbed. 

I do agree, however, with the assertion’ that interpolated extra 
systoles must be ventricular in origin, and that they do not disturb the 
dominant rhythm of the heart. In the rare instance of an auricular 
extrasystole which does not disturb dominant rhythm it does, however, 
take the place of one of the normal contractions, and the tracing shows 

* From the Evans Memorial. 

1. Myers, M. M., and White, P. D.: Interpolated Contractions of the Heart 
with Especial Reference to Their Effect on the Radial Pulse, Arch. Int. Med. 27: 
503 (April) 1921. 

2. Reid, W. D.: The Heart in Modern Practice, Philadelphia, J. B. Lippin- 
cott Company, 1923, pp. 59 and 199. Lewis, T.: The Mechanism and Graphic 
Registration of the Heart Beat, New York, Paul B. Hoeber, 1920, p. 221. 
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erely a single late occurring auricular premature beat. 


erefore, a true extra beat, and so no interpolation 


« 
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There is not, 


The electrocardiogram (fig. 1) shows 1n leads one and three single 
stances of runs of three beats which are sufficiently close together 
rive the central beat the appearance of being interpolated, but an 
urate measurement shows that the space (time) between the first and 
ird beats of the run is greater than the sum of any two normal beats, 
d it is greater than can be accounted for by the slight prolongation 
the P-R interval of the third beat. It is evident, therefore, that the 
t beat in each of these groups occurs at a slightly later time than it 


uuld if extrasystole had not occurred. The dominant rhythm 1s, 


ee 


— 


* 





from lead 3 and are continuous, the upper being the first 


cond. 


ram, no true interpolation. 








heat since it is preceded by a P wave that is premature; 


ig. 1.—The two runs of three beats, discussed in the text, are indicated by 
horizontal line placed below; the single auricular extrasystoles occurring 
sewhere in the tracing are marked by an asterisk. The third and fourth strips 


half. Coarser 


scissas mark off periods of one-fifth second; the finer, of one twenty-fifth 


ierefore, disturbed and, if the criterion that dominant rhythm is not dis- 
urbed holds for interpolated extrasystoles, there is, in this electrocardio- 


Lead 1 shows two instances of auricular premature beats followed 
vy pauses which are not fully compensatory. Immediately after the 
pause successive to the second premature beat follows the run of three 
beats, which makes this lead of interest. The first of the three beats 
appears to be normal. The second is clearly an auricular premature 


in fact. it is 
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superimposed on the T wave of the first member of the group of three 
beats. The origin of the third beat is less easy to determine. It is 
introduced by a P wave which is superimposed on the T wave of the 
preceding heart cvcle, and the contour of this P + T wave is such as to 
prevent a positive decision between the normal and an ectopic point of 
origin. The P-R interval is lengthened, as is common after inter 
polated extrasystoles, but this does not favor either point of origin 
The beat immediately following this third beat of the run occurs at 
exactly the normal interval. (This measurement is obtained from the 
respective P waves since the variation in the P-R intervals disturbs the 
time of the ventricular complexes.) If this is a premature beat, it is at 
instance in which the point of origin is so near the sino-auricular node 
that the latter is discharged practically at once and builds up the materia 


for the succeeding contraction in the usual time. 
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Fig. 2—The upper part shows three instances of interpolated extrasystole 
marked by an asterisk. The time marker, it will be noted, was not in operatiot 
but the interpretation of the tracing is not impaired thereby. The lower pat 
shows paired ventricular extrasystoles indicated by a horizontal line placed belo 
in a tracing of auricular fibrillation. Two single extrasystoles are marked by a 
asterisk. Time marker as in figure 1. 


lead 3 contains a somewhat similar run of three beats, the interpré 
tation of which is similar to that applying to lead 1, except that the ru 
occurs just at the time of the change from normal to a slower rhythm, 
probably from the auriculo-ventricular node. Of the three beats of th 
run I should consider the first one due to the simultaneous contraction 
of auricular waves starting from the sino-auricular and auriculo 
ventricular nodes, respectively. The second appears to be an auricular 
premature beat and the third is doubtless subject to the same explanation 
as that given for the third beat in the run noted in lead 1. The slight 
aberration of the O.R.S. complexes causes less concern when one notes 
that similar variations occur elsewhere in lead 3. 
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The alternative interpretation, namely, that these two runs are reall) 
mples of the interpolation of auricular premature beats, may seem 
re plausible to some readers. It will be found, however, that the 
rd beats were somewhat delayed from their time of expected occurrence 
n the premature was interpolated. This delay exceeds that explain 
e on the prolongation of the P-R interval and is rather greater than 
id appear likely when one adds the factor of sinus arhythmia, which 
ypens to be present to a slight degree in this electrocardiogram. The 
rpolation conception forces one to believe that the second wave, the 


cular premature, affected the sino-auricular node only in slightly 


s 


ving one of its impulses. This seems too difficult to reconcile with 
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ig. 3 Tracing obtained two months after that in figure | The asterisk 
horizontal line are used as in tigure 1. Note the run of three beats in lead 

disappearance of the depression of the T wave and the return of the P 
al to normal. Time marker as in figure 1 


rdiac physiology pertaining to premature beats, for it seems accepted 
it auricular premature beats take the place of one of the beats of the 
rmal rhythm, and the postextrasystolic pause is never less than that 
lowing a beat of the normal dominant rhythm. <A rare exception to 
e latter statement occurs in some instances in which the premature 
eat is near or at the S-A node, and the succeeding heart beat occurs 
tollowing a diastole slightly less than the normal. It has been suggested 
hat impulse formation has been stimulated’so that the S-A node initiates 


3. Lewis, T.: Observations upon Disorders of the Heart's Action, Heart 
3:279 (June) 1912. 
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a contraction more rapidly, not so early as happens in the electrocardio 
eram (fig. 1) discussed in this article, however. 

Figure 2 is introduced to illustrate an instance of true interpolatiot 
of a premature beat and to show by contrast how unhesitatingly one 
may recognize paired extrasystoles if they are of ventricular origin. 

The history of the patient from whom this electrocardiogram was 
obtained may be summarized as follows: 

A woman, aged 64, who was seen in the Outpatient Heart Clinic, had a cond 
tion diagnosed tentatively as auricular fibrillation. She was short of breath fo 
about three minutes after ascending one flight of stairs; she walked withot 
untoward symptoms. She said that her health had been satisfactory until recent! 

nd that she did not recall any diseases of etiologic significance regarding involv 
ment of the heart. She had been overweight for years; her present weight w 
190 pounds (86.2 Kg.) ; her height was frve feet, six inches. 

Physical examination showed an obese chest wall, a cardiac impulse just pa 

pable in the fifth interspace at left midc#avicular line, no enlargement detect 


percussion, no murmurs and marked arregularity in rhythm. The apex rat 
was 76, wrist 66 and pulse deticit 10. Edema of the legs was not present. T! 
tentative diagnosis was auricular fibrillation. 

Treatment and Course.—Digitalis was prescribed (moditied Eggleston method 


One week later there was slight nausea, and digitalization appeared complet 
The heart showed one and two sound -premature beats occurring every f 







or more beats in what appeared to be a regular rhythm. The diagnos 


2Qnet 


was changed to normal rhythm interrupted by frequent premature beats at 
digitalis was omitted \n electrocardiogram was taken (fig. 1). 

Subsequent observation showed the patient to be doing well without digita 
nd on a diet rich in vitamins and sufficiently low in calories to induce a gradu 
reduction in weight. 


\n electrocardiagram (fig. 3) was taken two months later. The disappearat 
in the depression of the T wave and the shortening of the P-R interval to norm 


th 


were evidently caused by the absence of digitalis action on the heart. The 


that another run of three beats was disclosed in lead 2 is evidence that 


feature is not dependent on digitalis for its presence. 


SUMMARY 


\n electrocardiogram is published which at first sight appears 
depict interpolated extrasystoles of supraventricular origin. 

The interpretation of this tracing is discussed, and the difficulty 1 
differentiating between a true interpolation and pairing of auricula 


extrasystoles is pointed out. 
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Book Reviews 


STOSOMIASIS VEL BILHARZIASIS. By C. G. Kay Suarpv, M.D., with a tore 
word by J. B. CuristopHerson, C.M.G., M.D. Price, $2.75. Pp. 74. New 
York: William Wood & Company, 1925 


Schistosomiasis, the proper title for the condition formerly included under 
name bilharziasis, is fortunately rare in North America, but in Asia and 
ca it is still a formidable disease. As Dr. Christopherson says, it is one 
the great endemic diseases of the world, and anything that will emphasize 
importance of the parasites and their effects in the minds of the publi 
ld aid in the control of the infestation. The work under review admirably 
vers the needs Dr. Sharp gives a brief but adequate historical account 
arz deserves credit for the discovery, and the reason his name is no longer 
lied to the disease is that some time before Cobbold proposed it, Weilland 
named the genus as now recognized by zoologists. 

hree disease groups are caused by these trematodes: urinary schistosomiasis, 
to Schistosoma hematobiuwn ; intestinal schistosomiasis due to S. mansoni, and 
stosomiasis of the Far East, often pulmonary, due to S. japonica. Dr. Sharp 

special attention to urinary schistosomiasis with which he became familiar 
Natal, where many cases occur in natives and Europeans. The intermediate 
ts are water snails, and the steps in the discovery of the life cycle are 
described by the author. 

n the hematuric form, ova are discharged in large numbers in the urine, 
cially in the morning, and at the end of micturition. As they are 0.16 mm 


ength and 0.06 mm. in breadth, they can be seen with the naked eye. Each 
m already contains the miracidium, and can be quickly hatched in water 
120 F. The miracidium is ciliated, elongated when in motion and tends 
vecome spherical when stationary. They can hatch in the bladder when 


urine is diluted, as after taking a glass of beer. Given an opportunity, 
miracidia enter the bodies of water snails, become sporocysts, and form 
ghter cysts in which cercaria develop. The maximum development occurs 
he liver of the snail, which may be filled with cercaria. These can be seen 
egling in the sporocysts. They require about six weeks for full develop 
t, and when that occurs, they bore their way through the tissues of the 
il into the respiratory organs or the intestinal canal and so reach the water 
Sharp gives brief but clear descriptions of the pathologie change and 
rbid anatomy of the various forms of schistosomiasis. Cirrhosis of the 

is one of the most interesting, and the cases seem to give a high per 


ntage of primary carcinoma. Little is known of immunity. The signs and 


nuptoms are fully described. The definite diagnosis depends on the discovery 
the ova in the urine. The author uses a concentration method, pouring off 
water after successive centrifugalizations. Death is rare, the disease con 
uing for months with little inconvenience to the patient; it may even last 
many years. Septic diseases and malignant changes are not infrequent 


ving ova may be expelled during the entire period of infection, having been 
und by Christopherson as long as twenty-eight years after its beginning. 


The author gives a general review of the treatment of schistosomiasis in 
ferent parts of the worid. Mass treatment by antimony tartrate is a valuable 
phylactic, but education to check infection and reinfection and destruction 
infected snails should be attempted. Dr. Sharp gives selected references 
the extensive literature. The book is well printed on good paper. The few 
istrations are adequate, but the price seems to set a record for seventy-four 
all octavo pages. This would seem to lessen the circulation of a work that 


iould be in the hands of health officers and practicing physicians over 
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ge part of the world. [It would seem more economical to publish such wot 
periodicals or reports of institutions 
PHYSIOLOGY OF THE CONTINUITY OF LIFE By Nort Paton, M.D., B.S 
LL.D., F.R.S., Regius Professor of Physiology, University of Glasge 
Pp 226, with subject and author index, and 78 illustrations London: 1 
Mac lan Company, Limited, 1926 
is a short monograph on the physiology ot reproduction and inheritat 
thie standpoint Ot a PpNYslOlogist The book is based on lectures deliver 
e students in physiology in the University of Glasgow during the pa 
\ caf&rs Phe wut ssumes that the readet has some knowledge 
emistry, zoology and general physiology He presents and attempts 
re ind analyze theories and facts the large and important field 
erit ce t p d t1 He says in the pretace In evel ran 
) logy there is the tendency to give and accept ex cathedra teaching, wl 
destroving Ke i he teacher and the student Perhap ni pa 
1 1ology is the tendency to authoritative teaching more seen than 1 
concerns rep ction and inheritar Certain conclusions ha he 
eenerally accepted as choses juges, about which further discussion is dee 
sary, but, upon examination, many of them are found to be mere hyj 
1s The dictum that life can only arise from lite, the so-called mendel 
leritance, the part played by. chromatin in inheritance and 
termination of sex and the impossibility of the transmission of acquit 
racters ma\ ve cited as exampl 5. 


his quotation gives a clear idea of the author's point of view througl 


© monograpl He does not always seem successtul, however, in carrying 

view into operation, at least the success of the author varies greatly 1 
fferent chapters 

Phe book is divided into nine chapters on life and heredity, reproduct 


the determination of sex (two chapters), the relationship of the ger 


ells to the somal cells, the influence of the gonads on the soma, the influer 


tl soma on the gonads, sexual life, the nutrition of the zygote bet 
birth (pregnancy), parturition, the nutrition of the infant suckling and 
secretion, These chapters are of unequal value in completeness of statement 

critical evaluation of the data. For example, the chapter on parturiti 
scems incomplete, both in statement of facts, in description of processes a 
in analysis of faetors involved The volume nevertheless brings togetl 


scattered data in the fields of botany, zoology, physiology and internal medict 
in a helpful and lucid presentation. The volume will be of value to physicia 
EE SP 


and other students of the biologic sciences 


MopERN Menpicine, Its THEORY AND PRACTICE, IN ORIGINAL CONTRIBUTIONS 
AMERICAN AND ForEIGN AvutTHoRsS. Edited by Str WILLIAM OSLER; ed 
revised. Re-edited by THomas McCrar, assisted by EtmMer H. Ft 
Volume 3. Pp. 1052 with illustrations. Price, $9. Philadelphia: Lea & 


Febiger, 1926. 


This volume contains a series of excellent articles thoroughly revised 
date on the diseases of metabolism and the digestive system. The chapter « 
metabolism by Eugene F. Du Bois is of especial value to the practitioner. TI 
scientific data of this broad and still incomplete subject are presented s: 
clearly as to be readily grasped by the average clinician. The chapters o1 
diabetes, diabetes insipidus and gout by Thomas F. Futcher are authoritativ: 
and complete. A general discussion by Charles G. Stockton of the physiologt 
and anatomic factors which enter into an understanding of the diseases of the 
digestive tract opens the section devoted to gastro-intestinal diseases. The 
splendid chapter on the diseases of the mouth and salivary glands originally 
written by David Riesman has been revised by Henry K. Mohler. The chapters 































cases of the esophagus by Chevalier Jackson and uis H. Clerf, « 
nal diseases of the stomach b Julius Friedenwak on organic dis¢ ' 


tomach by Charles F. Martin and Colin Sutherland, on disease 























stines by Alired Stengel and on diseases i the pancreas by EKugene | i 
; 
e likewis¢ ithoritative and complete The cl ipter on diseases ' 
gallbladder, and biliar« ducts by the late A. O. J. Kelly, has 
( vy B. B. Vincent Lyor It contains much « nterest concerning the ; 
the liver and gallbladder a discussio1 ot tl Various uncti 
e live mcl ne the i at Berel est cle The « 
hsurgical drainage t liary ict terest Lit ug the ' 
and therapeutic value of this procedure is questioned by mat 
ts, because of the author's position is the fore ( cate f its 
nly a short paragraph is devoted to cholecystography as developed | 
a method which has clarified the diagnos! of gallbladder di is¢ 
kable manner, and which is among the foremost achievements of me 
o the past decade Che admirable chapter ol prue \ Iward Jenne 
re ld he read ill \ €1 il p sicia s ( ( r CC rs 
ous anen i Phe original ipter ¢ LSeSs perit ¢ | 
mphrey Rollest is ere ! 1 ( d ¢ i cel t p i 
byect Phe ve ¢ nt i¢ 1inta S the Y ()sleria t i | 
e-< mplete vork and des« ‘ i place ‘ librat 
GE» LUS ME (ak ) M ~ S | 
r yn I (sESCH I g 4 CAR Ny \ Py, 65 ¢ 
| 136 Vit 21 illustrati Second editior \ 1¢ i ] Sp 9 
f 
econd edition of Sternbers lef manual one o 
vy members of the faculty « he University Vier \ t 
ilt 1s cle voted ( the ¢ A il 1I ect 1¢ ti i eT ? 
eparat irieties ! 
portions are ce mple n vell writte ind « ¢ om d il 
port Phe Vor a that ¢ Cece ( ew i 
ork of tive a i udicia nd dicio ( ( \ i | 
es creditable mention. Omis re i 
by Mallory on d ral fi na exampk 1S | 
eneral vilure I leur pea S ( ad | 


s 1 t( P | 
erapl on 1 lanom: bv tl nelisl nathologict Tau i 
if ( ma e | pat 9 Drawer 
ed | 
} 
the second portion, the care with which undecided matters are dealt 
satisfactory \s examples, the origin and classificatiot Boies 
as the small yellow epithelial tumors of the appendix s opprobri« 
ed “cancroid” and the tumors thought to be primarily from the peritoneu 
cited Sternberg state definitely that the leukemias. lymphogt inul 
chloromas and myelomas are not to be regarded as tumors (blastomas 
| Wrastr: refill ‘lected and ; “it : : 
¢ llustrations are carefully selected and are ¢ oO o SS appearances 
e bibliography is a rich mine of “source-material” for a work so abridged 
dents who read German will find pleasure in this account rs a 


is a large amount of authoritative information concis« 





reED Papers, Henry Forp Hospitar, Detroit, Micu Price. $8 New 


York: Paul B. Hoeber, 1926 


1 


ike any book compiled of collected papers, this volume contains many cur 


articles on more or less unrelated subjects. The main portion of the work 
omprised of forty-three articles by members of the staff of the Henry Ford 


Hospital covering a period of ten years, from 1915 to 1925. With few excep 
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1S, s by McClure on “The History of Transtusion of 
slood” and “Pernicious Anemia,” the contributions are taken from the recent 
literature. The major portion ot the work which is presented in some of the 
articles was done at institutions other than the Henry Ford Hospital. In nearly 
instances, the articles are reprinted from journals of well recognized high 
that many of them have been reviewed previously 


contribution by Davidson on “Tannic Acid in the Treatment of Burns’ 


is worthy of special note. His conclusions are conservative and seem to be 
vell warranted by the theoretical and practical evidence presented. TI 

report on “Immediate Metabolic Disturbances Following Deep 
Doub, Bolliger and Hartman, has, in the light of 
some new and rather promising 


preliminary 
Roentgen-Ray Therapy” by 
subsequent contributions, been the basis for 
developments [The work ot Mason and others on tissue extracts and tissu 
] 


autolysis, and_ that Plass and his associates on blood chemistry in t 
toxemias of pregnancy, form two groups of interesting and helpful papers. 
\s a whole, it seems that the articles contained in this volume compare 


favorably with other similar collections 


History TAKING AND RECORDING By James A. CorscapEN 
$1.50 New York: Paul B. Hoeber, 1926. 


\ny method that may serve as a stimulus to better history taking at 
to those concerned with the teaching ot 


+} 


recording is of particular interest 
liagnosis. Mastery by the student of the technic of history taking 


physical ¢ 


great importance that many attempts to clear the way have bee! 
made through the medium ot handbooks. This text of seventy-eight pag 
designed for the student includes a discussion of the general principles of cas 

list of terms employed, classified according 


Is of suc 


history writing and an extensive 
to the regions of the body and the diseases commonly located in those regior 
Suggestions as to form and outline should clarify the objective sought in 


reliable history; so far as they are stimulating to the student, they will serv 


a useful purpose. Since, however, a medical history reflects the general medicz 
attainments of a physician, a handbook cannot entirely sol 


experience and 
This little book should be as valuable as any in providing tl 


this problem. 
foundation tor a good history 


THE SuRFACE EQUILIBRIA OF BIOLOGICAL AND ORGANIC CoLLoips. By Lrcom1 
pu Noty. American Chemical Society Monograph Series. Pp. 212. Price 


$4.50. New York: Chem. Catal. Co., 1926. 


This monograph by du Nouy with introductions by Alexis Carrel and 
Robert A. Millikan, concisely presents eleven chapters on surtace equilibria as 
tollows: technic; drop of the surface tension of colloidal solutions as a functior 
ot time monomolecular layer of serum constituents; sodium oleate; eg; 
albumin; characteristics of immune serum; influence of colloids on the crystal 
lization of sodium chloride; surface equilibrium of complex colloidal solutions 
interfacial tension; colloidality of solutions of proteins, serum and plasma 
general conclusions. That a monograph has won the approbation of so eminent 
a physicist and biologist, stamps it as a contribution of first rank. Although 
all of the applications of this work may not be apparent now, the author 


in quoting from Claude Bernard, does “open up a new road.” 
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